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1.0 INTRODUCTION AND DESCRIPTION OF THE WATERSHED

Powers Lake is located on the southern edge afdhemunity of Powers Lake in northwestern
North Dakota (Figures 1 and 2). The lake dischanmgesa tributary of the White Earth River. It
is a natural freshwater lake found in the Cotegloreof North Dakota. It has a surface area of
1,616 acres with a watershed size of 44,458 adased on lake statistics provided by the North
Dakota Game and Fish Department (Figure 3), Polagtte has an average depth of 7.2 feet
with a maximum depth of 11.1 feet. Table 1 sumpesrsome of the geographical,
hydrological, and physical characteristics of Panaake. This lake has received extensive
community support and there is a strong desiredmtain the fishery as well as keep the lake
aesthetically pleasing for the people that us€itrrently, a watershed coordinator is employed
through the State’s Section 319 grant to implensenservation practices aimed at reducing the
documented nonpoint source pollution described20@l assessment.

Powers Lake, North Dakota

Legend

L City of Powers Lake

@ Cities/Towns
lajor Highways w E
flinor Highways

County Boundary

Figure 1. Location of Powers Lake in North Dakota.



Powers Lake Nutrient/Dissolved Oxygen TMDL Final: September 2008
Page 2 of 44

Figure 2. Location of the Powers Lake Watershed.
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Figure 3. North Dakota Game and Fish Contour Map ofPowers Lake
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Table 1. General Characteristics of Powers Lake anthe Powers Lake Watershed

Legal Name Powers Lake

Major Drainage Basin Missouri River — Lake Sakakawea

8-Digit HUC 10110101

Nearest Municipality Powers Lake, ND

County Burke and Mountrail Counties, ND

Eco-region Northern Missouri Coteau

Latitude 48.92429

Longitude -102.26945

Surface Area 1,638.8 acres

Watershed Area 44,458 acres

Average Depth 7.2 Feet

Maximum Depth 11.1 Feet

Volume 11,808.6 acre-feet

Tributaries Un-named tributaries

Outlets Tributary to White Earth River

Type of Waterbody Natural Lake

Fishery Type Warm water — yellow perch, northern pike

Classified Beneficial Uses | Municipal and domestic water supply, recreationedig
life, agricultural uses, and industrial water syppl

1.1 Clean Water Act Section 303(d) Listing Informaion

Table 2 details the TMDL listing information for Wers Lake. Based on the 2006
Section 303(d) List of Impaired Waters Needing TMONDDoH, 2006), the North
Dakota Department of Health (NDDoH) has identifidalvers Lake as fully supporting,
but threatened for aquatic life uses due to nusidow dissolved oxygen levels, and
sediment and fully supporting, but threatened éareational uses due to nutrients. As
reflected in its title, this TMDL report only addises the nutrient impairments for aquatic
life and recreation use and the low dissolved oryiggoairment for aquatic life use.
Sediment remains as a Section 303(d) TMDL listdtufant threatening aquatic life use.
Currently, there are not adequate data availabdeltivess the sediment TMDL listing. It
is expected that once the monitoring data thatanently being collected as part of the
Section 319 Watershed Implementation and Lake Ragtiao Project are made available
a TMDL will be prepared to address this pollutant.
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Table 2. 2006 Section 303(d) TMDL Listing Informaton for Powers Lake.

Assessment Unit ID

ND-10110101-001-L_00

Description

Powers Lake

Size

1,638.8 acres

Impaired Designated Uses

Fish and Other AquatitaBRecreation

Use Support

Fully Supporting but Threatened

Impairment

Nutrients, Sediment, and Dissolved Oxyge

Priority

1 (High)

1.2 Topography

Powers Lake is located in the eco-region knowrhasNorthern Missouri Coteau portion
of the Northwestern Glaciated Plains. It lies imaasition zone between a more boreal
climate to the north and a more arid climate tovtlest. Willow and aspen may occur at
wetland margins, Rough fescue appears in grassissatiations. Stream drainage is
absent or uncommon and there are numerous potieoipgrary and seasonal) wetlands
(Figure 4). Wetlands tend to dry out earlier in saenmer than on the Missouri Coteau to
the south and east. The physiography is hummaoKing terrain. The surface material
is Wisconsinan glacial till over Tertiary sandst@mel shale. Mollisols are the dominant
soil order, with Zahl, Williams, and Parnell beitig most common soil series. Western
wheatgrass, green needlegrass, and little bluestersome of the potential native
vegetation. These soils are very deep, well draoredoderately well drained, and
formed in glacial till. Permeability is moderatedlow (USEPA, et al. 1998). Elevation
at Powers Lake is 2,206 feet mean-sea-level, ardl telief is typically less than 25 feet.

Figure 4. Aerial View of Wetlands in the NorthernMissouri Coteau
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1.3 Landuse/Land Cover in the Watershed
Primary land use in the Powers Lake watershedis &nd ranch land, with
approximately 65.63 percent cultivated and 29.6@qud in some form of permanent
grass or herbaceous cover (NDDoH, 2001). The maheaiof the land is in roads or
farmsteads. When analyzed by subwatershed, themgage of cropland ranged from a
high of nearly 100 percent in the south subbasmltow of 50 percent in the lands
immediately surrounding Powers Lake (Table 3).

Table 3. Percent Landuse in the Powers Lake Watersil.

Subwatershe( Cultivated (%) | Pasture (% I(-(I)/:;l)y CRP (%) (Cg/zk)\er N*
Northeast 83.33 16.67 Al NI NI 5
Lunds Valley | 60.61 27.27 3.03 6.06 3.03 20
South 100.00 NI NI NI NI 4
West 85.71 NI 14.29 NI NI 6
Immediate 50.00 7.17 14.29 14.29 14.29 7
Total 65.63 17.19 6.25 6.25 4.69 42

%(N) Number of sample points per watershed
%NI) None identified

1.4 Climate and Precipitation
North Dakota’s climate is characterized by largagerature variation across all time
scales, light to moderate irregular precipitatiolentiful sunshine, low humidity, and
nearly continuous wind. Its location at the gepgra center of North America results in

a strong continental climate, which is exacerb@gethe mountains to the west. There are
no barriers to the north or south so a combinatiorold, dry air masses originating in

the far north and warm humid air masses originatirifpe tropical regions regularly
overflow the state. Movement of these air massddtagir associated fronts causes near
continuous wind and often results in large dayayp @mperature fluctuations in all
seasons. The average last freeze in spring ootlate May. In the fall, the first 32
degree or lower temperature occurs between SeptetfiBand 25'. However, freezing
temperatures have occurred as late as mid-Junasagakly as mid-August. About 75
percent of the annual precipitation falls during geriod of April to September, with 50

to 60 percent occurring between April and July. Mafghe summer rainfall is produced
during thunderstorms, which occur on an averaggbdb 35 days per year. On the
average, rains occur once every three or four dagisg the summer. Winter snowpack,
although persistent from December through Marchy, anerages around 15 inches (Enz,

2003).
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Average yearly air temperature at the Bowbells thN&akota weather station, 26 miles
northeast Powers Lake, is 38 degrees and averagespeed is 10.7 mph. Average
annual precipitation ranges from 7 to 14 inchesvéviaber through February averaged
only about 0.50 inches per month, mostly as snoeaddrable precipitation (0.01 inch or
more) occurs on an average of 65 to 100 days dtinmgear, but over 50 percent of
these events produce less than 0.10 inch (NDAWR420

1.5 Available Water Quality Data

In 1999, the City of Powers Lake approached theiNDakota Department of Health
(NDDoH) for help in addressing the declining wagearlity of Powers Lake. The result
was a sediment survey conducted during the icerquamod in 1999-2000 and an
assessment of water quality and quantity data adedwuring February through
October of 2001. The Burke County Soil Conservabstrict (SCD) was the local
sponsor for the project. This assessment monitireavater quality and quantity in for
contributing streams, the lake, and the lake autistdiment volumes present within the
lake were also determined. Water quality sample® wellected using the methodology
described in th@uality Assurance Project Plan (QAPP) for the Posvieake Assessment
Project(NDDoH, 2001). These sites are identified in Tabknd Figure 4. The data were
analyzed and summarized by Mr. Peter Wax, Enviroriaté&cientist, NDDoH, and
provided in this report.

Table 4. General Information for Water Quality Sampling Sites for Powers Lake.

Number of Latitude Longitude

Sampling Site Site ID SEIES o) )
Taken

Northeast Tributary 385035 33 44 33’ 18" -102 W 37’ 30"
Lunds Valley 385036 30 48N 31’ 18" 102 W 34’ 53”
Tributary
West Tributary 385037 7 48132 77 -102 W 39' 77
South Tributary 385038 21 481 29’ 19” -102 W 36’ 8”
Lake Outlet 385039 31 48 N 33’ 25" -102 W 39’ 16”
In Lake 380870 48 48 N 32" 17" -102 W 36’ 36"
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Figure 5. Powers Lake Sampling Locations.

1.5.1 Stream Data

Four stream sites were located at the pour poietioh of the above listed
subwatersheds. The fifth stream site was locatéueadutlet of Powers Lake. Manual
stream gauging stations were installed at the streanitoring sites and used to
collect stage/discharge data. Stream parametelgzadancluded total nitrogen, total
Kjeldahl nitrogen, nitrate-nitrite, ammonia, topdlosphorus, total suspended solids,
(Tables 5 through 9). Most of the stream monitoargvities occurred between
March and September, 2001. Using stream flowveatter quality data, sediment
and nutrient loads were calculated for each lopatising the computer model FLUX.
These data were then used to calibrate the BATHTBputer model.
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Table 5. Summary of Stream Sampling Data, STORET 885035 (Northeast
Tributary).
Total Nitrate- Total
Nitrogen TKN Nitrite Ammonia Phosphorus TSS
Description (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Minimum* 0.52 0.50 0.01 0.005 0.116 2.5
Maximum 4.90 3.49 1.89 0.911 2.54 83
Median 1.535 1.47 0.035 0.0125 0.4965 25
Mean 1.740559 1.528794 0.207941 0.074735 0.59885 441976

L If the sample result came back non-detect, hatfiefdetection limit was used for calculations.

Table 6. Summary of Stream Sampling Data, STORET 885036 (Lunds Valley

Tributary).

Total Nitrate- Total

Nitrogen TKN Nitrite Ammonia Phosphorus TSS
Description (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Minimum* 1.25 1.11 0.01 0.005 0.115 2.5
Maximum 3.17 2.78 1.78 0.083 1.71 276
Median 1.99 1.85 0.01 0.005 0.502 25
Mean 2.07871 1.9016183 0.170645 0.018774 0.588 30675

L If the sample result came back non-detect, hatfiefdetection limit was used for calculations.

Table 7. Summary of Stream Sampling Data, STORET 885037 (West

Tributary).

Total Nitrate- Total

Nitrogen TKN Nitrite Ammonia Phosphorus TSS
Description (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Minimum® 1.62 0.83 0.40 0.005 0.487 25
Maximum 2.74 151 1.62 0.164 0.811 209
Median 2.175 1.22 0.925 0.0195 0.7075 25
Mean 2.16875 1.1825 0.98625 0.058 0.67725 65.6875

L If the sample result came back non-detect, hatfiefdetection limit was used for calculations.
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Table 8. Summary of Stream Sampling Data, STORET 885038 (South

Tributary).
Total Nitrate- Total
Nitrogen TKN Nitrite Ammonia Phosphorus TSS
Description (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Minimum* 1.25 1.02 0.01 0.005 0.98 2.5
Maximum 3.00 2.27 1.11 0.818 1.18 163
Median 1.65 1.47 0.18 0.005 0.5 12
Mean 1.837826 1.49565p 0.341304 0.057174 0.556174 | 6 2

L If the sample result came back non-detect, hatfiefdetection limit was used for calculations.

Table 9. Summary of Stream Sampling Data, STORET 885039 (Lake Outlet).

Total Nitrate- Total
Nitrogen TKN Nitrite Ammonia Phosphorus TSS
Description (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Minimum® 1.0 0.98 0.01 0.005 0.102 25
Maximum 3.35 3.29 0.09 0.301 0.488 112
Median 1.65 1.63 0.02 0.005 0.294 26
Mean 1.813226 1.783548 0.025161 0.030548 0.307387 | 7.67242

L If the sample result came back non-detect, hatfiefdetection limit was used for calculations.

Hydraulic discharge was estimated for all five wafeality monitoring stations
(Figure 6). The seasonal hydraulic dischargeHerfive stations balanced well,
indicating that the discharge errors are accepfablassessment purposes (Table 10).
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Figure 6. Hydraulic Discharge for the Powers Lake Vdtershed 3/10/01 through 10/31/01.

Table 10. Hydraulic Balance for Powers Lake Waterséd (3/10/01 through 10/31/01).

Station Hectare Meters Cubed Millions of Gallons
Precipitation 1.96 517.60

NE Trib. (385035) 1.15 303.83
Lunds Valley (385036) 1.50 396.30
West Trib. (385037) 0.477 126.02
South Trib. (385038) 1.30 343.46
Total Gauged Flow 4.427 1169.61
Evaporation 2.62 690.09
Outlet (385039) 4.580 1210.04
Ungauged Outflow -0.806 212.94

1.5.2 Lake Data

The in-lake site is located in the deepest pathefreservoir at the north end near the
dam. Lake monitoring occurred briefly in Februafy20600 and one sample in June of
2000, but due to drought conditions it was suspéndielater continued from
February of 2001 through October of 2001, as oedlim the QAPP (NDDoH, 2000).
Lake parameters included phytoplankton, chloropaytbtal nitrogen, total Kjeldahl
nitrogen, nitrate-nitrite, ammonia, phosphorusaftand dissolved), Secchi disk
transparency, and temperature and dissolved oxygéites. Fecal coliform data was
also collected within the watershed and will becdssed later in a separate TMDL
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specifically addressing that parameter. The dataated characterized Powers Lake

as a hypereutrophic, nitrogen-limited lake thatdoet thermally stratify. Monthly
mean concentrations of selected parameters arensinoliable 11. Minimum,

maximum, median and mean concentrations of meagagneters of interest are
shown in Table 12. If results for a selected patameere below detection limits,

one half of the detection limit was used to figaredians and means. Figures 6 and 7

are of the temperature and dissolved oxygen pgofile

Table 11. Powers Lake's Mean Monthly Concentration®f Select Water Quality

Parameters (ugL™).

Month Total _ N't:ate _Total Total Diss. Total Chlorophyll-a
Ammonia Nitrite Nitrogen | Phosphorus| Phosphorus

Jan 248 120 2898 355 403
Feb 283 50 1605 232
May 16 20 1548 96 232 60.5
Jun 33 20 1475 120 219 22.0
Jul 10 20 2483 157 364 31.5
Aug 11 20 3108 41 330 81.0
Sep 10 20 3438 23 291 111.0
Oct 10 20 2563 27 193 117.0

Table 12. Minimum, Maximum, Median, and Mean Valuesfor Selected Water
Quality Parameters for Powers Lake (STORET #380870)

Parameter Minimum | Maximum | Median Mean
Chlorophyll-a (ug/L) 18 121 71.5 70.583333
Total Nitrogen (mg/L) 1.23 3.8 2.43 2.467813
Total Kjeldahl Nitrogen 1.03 3.78 2.36 2.422813
(mg/L)

Nitrate-Nitrite (mg/L) <0.02** 0.23 0.01 0.038125
Ammonia (mg/L) <0.01** 0.288 0.005 0.062594
Total Phosphorus (mg/L) 0.103 0.591 0.2995 0.297
Total Dissolved Phosphorus| 0.017 0.492 0.0925 0.137967
(mg/L)

Secchi Disk Depth (m) 0.15 0.36 0.20% 0.2275

* Calculated as a geometric mean.

** Results below detection limit
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Figure 7. In-Lake Dissolved Oxygen Profile for 2001
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Figure 8. In-Lake Temperature Profile for 2001.

Powers Lake data was also compared to data fraodg ef similar lakes in
northwestern North Dakota (RLRSD, 2000). In genevlilen compared to other
lakes in this region of the northwestern North Diakglaciated plains, Powers Lake
had lower than average TKN and ammonia concentrgtgimilar nitrate/nitrite
concentrations, and higher than average total glaysp concentrations (Table 13).
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Table 13. Regional Lake Water Quality Compared to Bwers Lake’s Water Quality".

Total Nitrate/ Secchi Disk

Phosphorus | Nitrite TKN | Ammonia | Chlorophyll-a Depth
Units mg/L mg/L mg/L mg/L Mo/l meters
Powers Laks 0.297 0.038 2.42 0.062 70.58 0.23
Other North Dakota Lakes
Max 0.707 0.123 5.06 0.677 237.5 2.29
Min 0.031 0.006 1.09 0.025 3.5 0.15
Average 0.147 0.044 2.87 0.234 56.4 1.13
Median 0.056 0.029 2.57 0.191 11.0 1.01

Eleven regional lakes were sampled for this stlRlyRSD, 2000). Data from Powers Lake AssessmenD(OHD
2000.) was compared to data from this study. PeWweke values are depth averaged except for nitiatee and
chlorophyll-a.

2.0 WATER QUALITY STANDARDS

The Powers Lake is a Class 3 lake with the follgndefinition:

- Warm water fishery. Waters capable of supportingngh and propagation of
nonsalmonid fishes and associated aquatic biota.

It is also defined in the State Water Quality Stadd that:
The beneficial uses and parameter limitations destigd for Class | streams shall
apply to all classified lakes.

The tributaries flowing in to and out of Powers kalce Class Il streams.
The quality of the waters in this class shall bigadale for agricultural and industrial
uses such as stock watering, irrigation, washingl] eooling. These streams have
low average flows and generally prolonged periofis@mflow. The quality of these
waters must be maintained to protect recreaticsh),fand aquatic biotaf NDDoH,
2001).

2.1 Narrative Water Quality Standards

The North Dakota Department of Health has set tiseravater quality standards which
apply to all surface waters in the state. Theatse standards pertaining to nutrient
impairments are listed below (NDDoH, 2001).

» All waters of the state shall be free from subs&s attributable to municipal,
industrial, or other discharges or agriculturalgtices in concentrations or
combinations which are toxic or harmful to humaargmals, plants, or resident
aquatic biota.

» No discharge of pollutants, which alone or in tomation with other substances, shall:
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(1) Cause a public health hazard or injury to Bmnental resources;

(2) Impair existing or reasonable beneficial usethe receiving waters; or

(3) Directly or indirectly cause concentrationgpoflutants to exceed applicable
standards of the receiving waters.

In addition to the narrative standards, the NDDH $et a biological goal for all surface
waters in the state. The goal states that “thegical condition of surface waters shall be
similar to that of sites or waterbodies determibgdhe department to be regional reference
sites,” (NDDoH, 2001).

2.2 Numeric Water Quality Standards

Standards of Quality for Waters of the St@@®DoH, 2006) establishes numeric standards
for dissolved oxygen, total phosphorus, and nisrétisssolved) (Table 14). The numeric
standards for Class | Streams include all clagki&es. In addition, nutrient guidelines that
have been established for use as goals in lakeoweprent and maintenance programs are
also listed in Table 14. Lake use attainment detetions are often made using Carlson’s
Trophic State Index (TSI), which is further disceds$n Section 3.1 (Carlson, 1977). No
numeric criteria have been developed for sediment.

Table 14. Numeric Standards fromStandards of Quality for Waters of the State
(NDDoH, 2006).

Parameter Parameter Limitation Condition

Standards for Class | Streams and Classified Lakes:

Nitrates (dissolved) 1.0 mg/l Maximum allowed
Phosphorus (total) 0.1 mg/l Maximum allowed
Dissolved Oxygen 5.0 mg/l Not less than

Guidelines for Goals in a Lake Improvement or Mainenance Program:
NO; as N 0.25 mg/l Goal
PQ,as P 0.02 mg/l Goal

! The standards for nitrates(N) and phosphorus(Pnseeded as interim guideline limits. Since eaithasn or lake has
unique characteristics which determine the levetb@se constituents that will cause excessivetgjeowth
(eutrophication), the department reserves the tmhtview these standards after additional stundyta set specific
limitations on any waters of the state. Howevemnadncase shall the standards for nitrates(N) exdé8eaug/L for waters
used as municipal or domestic drinking water supply
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3.0 TMDL TARGETS

TMDL targets are the values that are measureddgejthe success of the TMDL effort. TMDL
targets must be based on state water quality stasdaut can also include site-specific values
when no numeric criteria are specified in the staddThe following sections summarize water
quality targets for Powers lake based on its berafises. If the specific target is met, it is
assumed the lake will meet applicable water quali#gydards, including its designated beneficial
uses.

3.1 Nutrient Target

The assessment methodology for lakes and resedesigibed in North Dakota’s 2004
Integrated Section 305(b) and Section 303(d) Wateality Assessment Report indicates
that Carlson’s Trophic State Index(TSI) is the @mgnindicator used to assess beneficial
uses of the State’s lakes and reservoirs (NDDH4200ophic state is the measure of
productivity of a lake or reservoir, and is dirgattlated to the level of nutrients (phosphorus
and nitrogen) entering the lake or reservoir fretenwatershed, and/or from internal cycling.
Lakes tend to become eutrophic (more productivé) higher nitrogen and phosphorus
inputs. Eutrophic lakes often have nuisance allyairbs, limited clarity, and low dissolved
oxygen concentrations that can result in impaicpahéic life and recreational uses. Carlson’s
TSI attempts to measure the trophic state of alakay nitrogen, phosphorus, chlorophyll-a,
and Secchi disk depth measurements. (Carlson, 1977)

Based on Carlson’s TSI and water quality data cté between March 2001 and October
2001, Powers Lake was determined to be a nitroigeited hypereutrophic lake.
Hypereutrophic lakes are characterized by largethre of weeds, blue-green algal blooms,
and low dissolved oxygen concentrations. Theseslakperience frequent fish kills and are
generally characterized as having excessive rogghpbpulations (carp, bullhead, sucker)
and poor sport fisheries. Because of the frequigat Blooms and excessive weed growth,
these lakes are also undesirable for recreaties such as swimming and boatifige
various TSI values were calculated for Powers L@lable 15) using the data obtained from
the assessment study.

Table 15. Carlson's Trophic State Indices for Power Lake.

Parameter Relationship Units | TSI Value' | Trophic Status
Chlorophylla TSI (Chl-a) = 30.6 + 9.81[In(Chl-a)] ug/L 72.37 Hypereutrophic
Total Phosphorus (TP) | TSI (TP) = 4.15 + 14.42[In(TP)] ug/L 86.82 Hypereutrophic
Secchi Depth (SD) TSI (SD) =60 - 14.41[In(SD)] meters 81.74 Hypereutrophic

TSI values were calculated using average surfaceesdrom the Powers Lake in-lake monitoring stafisee Table 13).
TSI <40 = Oligotrophic (least produe) TSI 50-60 = Eutrophic
TSI 40-50 = Mesotrophic TSI > 60 =ypdreutrophic (most productive)

The temporal distribution for Carlson’s TSI scodés not show a significant pattern,
indicating that this condition is relatively constahroughout the entire growing season
(Figures 9, 10, and 11).
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The three variables, chlorophyll pigments, Seceptd, and total phosphorus, in
Carlson’s TSI independently estimate algal bionfpssduction as a result of excess
nutrients). The three index variables are inteteeldy linear regression models, and
should produce the same index value for a giverboaation of variable values. Any of
the three variables can therefore theoreticallyd®l to classify a waterbody. For the
purpose of classification, priority is given to atdphyll, because this variable is the most
accurate of the three at predicting algal biom@&ssléon 1980). Although transparency
and phosphorus may co-vary with trophic statectienges in transparency are caused
by changes in algal biomass and total phosphorysamaay not be strongly related to
algal biomass. Neither transparency nor phospheras independent estimator of
trophic state. (Carlson 1996).

A major strength of TSI is that the interrelatioipshbetween variables can be used to
identify certain conditions in the lake or resentbiat are related to the factors that limit
algal biomass or affect the measured variables.nMnare than one of the three
variables is measured, it is possible that diffenetiex values will be obtained. Because
the relationships between the variables were albyiderived from regression
relationships and the correlations were not perarne variability between the index
values is to be expected. (Carlson 1996). Thesmti@vs of the total phosphorus or the
Secchi depth index from the chlorophyll index canuised to identify conditions and
causes relating to the lake or reservoir’s troptéte. Some possible interpretations of
deviations of the index values are given in Talido&low (updated from Carlson 1983).
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Table 16. Relationship Between TSI Variables and CGulitions.

| Relationship Between TSI Variableg Conditions |
ITSI(Chl) = TSI(TP) = TSI(SD) | Algae dominate lightenuation; TN/TP ~ 33:1 |
TSI(Chl) > TSI(SD) I&g:giigtirtlculates, such Aphanizomenofiakes,
TSI(TP) = TSI(SD) > TSI(CHL) gt(t)gr-lilagl]t?(l)r;l)artlculates or color dominate light
TSI(SD) = TSI(CHL) > TSI(TP) | Phosphorus limits dlgiomass (TN/TP >33:1) |
Algae dominate light attenuation but some factpr
TSI(TP) >TSI(CHL) = TSI(SD) such as nitrogen limitation, zooplankton grazing,

or toxics limit algal biomass.

By interpreting the data in Table 15 through the okTable 16, Powers Lake’s
transparency seems to be dominated by non-algairéasuch as color or turbidity, or
where very small particles predominate. In sutimsions as this where phosphorus and
transparency are correlated, but chlorophyll is turbid situations exist where
phosphorus is bound to clay particles. This caiesiwith the soil survey mentioned in
earlier sections.

Through analysis of assessment data, Powers Lakel@tarmined to be nitrogen limited.
In order to decrease the trophic state from hypgssphic down to eutrophic, a reduction
in phosphorus loading will have to occur. A Canlsachlorophyll-a TSI target of 55.02
was chosen for the Powers Lake endpoint througliseeof BATHTUB modeling.
Through this model it was determined that a 50 gr@rmternal load reduction along with
a 75 percent external load reduction in phosph@rusquired to bringing the lake into
the target trophic state of eutrophic; this coroess to a chlorophyll-a TSI of 55.02 (See
also Table 26 for the model results used to detertiiis).

The TMDL target based upon the chlorophyll-a TSswhosen for several reasons.
First, there is a great deal of interest in theansdted to improve lake quality. A Section
319 Nonpoint Source Management grant has alreagly @&arded and the
implementation phase is moving forward. In oradekéep monitoring costs down so as
to better use the majority of grant money towamsservation practices on the ground,
and to insure continued public support of the mpjhe TSI score of the most publicly
identifiable component was chosen. Second, asiomeal above, chlorophyll-a is the
variable most accurate at predicting algal biomassgh is driven by nutrient loading. It
is believed that the turbidity issues will be adsed through the sediment TMDL load
reduction. Also, the degree of improvement in Seddk depth, for an equal amount of
phosphorus diverted, will become greater as a n@sut state is approached. (Cooke,
et.al., 1986).

While the target TSI score resulting from the 5€cpat internal/ 75 percent external
phosphorus load reduction will not bring the coricaion of total phosphorus to the
NDDoH State Water Quality Standard guideline f&eks(0.02 mg/L) (Table 14), it
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4.0

should be recognized that these are just guidelihakes vary a great deal in North
Dakota. Shallow lakes are especially hard to impn@ithout addressing the internal
phosphorus cycling, which comes at a higher cdkis reduction in phosphorus load
should result in a change of trophic status fordke from hypereutrophic down to
eutrophic. Given the size of the lake (1,638.&8)rthe position of the lake along the
landscape (from NW to SE), and the nearly constamd in northwestern North Dakota
causing a mixing effect, this was determined toheebest possible outcome for Powers
Lake. If the specified TMDL chlorophyll-a targeft®h.02 is met, the reservoir can be
expected to meet the applicable water quality stededfor aquatic life and recreational
beneficial uses.

3.2 Dissolved Oxygen Target

The North Dakota State Water Quality Standard fssalved oxygen is “5.0 mg/L as a
daily minimum (up to 10% of representative samplaiected during any three year
period may be less than this value provided thhtleconditions are avoided)” and will
be the dissolved oxygen target for Powers Lake.

SIGNIFICANT SOURCES

4.1Point Sources

The city of Powers Lake’s wastewater lagoons digghanto a different watershed and are
not of concern for this report. There are no paediConfined Animal Feeding Operations
(CAFOs) in the Powers Lake watershed and only emmited AFO. As a condition of this
AFO’s permit all runoff from the feeding area mbstcontained, therefore there is no runoff
to surface waters.

4.2 Nonpoint Sources
4.2.1 Stormwater Runoff
The City of Powers Lake lies adjacent to the lagelf, so provides a source of runoff
pollution. Monitoring specific to stormwater ruf@fas not conducted in 2001, but a
general visual stormwater survey was conductedpastaf the ongoing Section 319
grant in the watershed. Potential sources of poliutave been noted and are being
addressed as a part of this grant.

4.2.2 Agricultural Sources

The majority of nutrient loads are transported vaierland runoff from agricultural
areas. According to the 2001 landuse assessmemoxamately 65.63 percent of the
land upstream of the reservoir is cultivated, 2%é8cent is in some form of permanent
grass or herbaceous cover, and the remainderaads or farmsteads (Table 3). This
landuse survey divided the watershed into four ubmgheds roughly corresponding to
the upstream tributary monitoring sites in the basid the fifth subwatershed being the
area surrounding the lake.

The average crop reside after fall tillage ave@@@4 percent, but following spring
tillage and spring planting, the residue averagppked by more than half to 27.62
percent. Data on cropping pattern, soil type agmdgnt slope were combined in the
Universal Soil Loss equation to provide estimatiegverage soil loss within each
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subwatershed and for the entire Powers Lake wadrShable 17).
Table 17. Percent Crop Residue After Tillage and Aerage USLE Estimates.

Percent Crop Residue Average
Subwatershed After Tillage Un_iversal
Fall Spring =Gl Lok
(tons/ac.)
Northeast 58.0 26.0 3.02
Lunds Valley 60.0 28.5 1.06
South 67.5 325 0.56
West 55.0 25.0 1.04
Immediate 62.9 16.0 0.55
Entire Watershed 60.2 27.6 1.16

The landuse assessment also provided estimataagé and pasture condition for the
project period (Table 18).

Table 18. Summary of Range and Pasture Conditidn

Condition
Subwatershed Good Fair Poor
Northeast 00.00 100.00 00.00
Lunds Valley 66.67 33.33 00.00
South NE NE 00.00
West NE NE 00.00
Immediate 100.00 00.00 00.00
Entire Watershed 63.64 36.36 00.00
! Expressed as a percentage of all sampling unitsnange and pasture land in the subwatershed or

watershed.
2No estimate provided due to small sample size witatershed

Kilograms per square kilometer delivery of totdtogen, total phosphorus as phosphate,
total suspended solids and water were calculatethéocontributing subwatersheds
(Table 19). It was determined that the hydrauladidor station 385036 (Lunds Valley)
was underestimated, so delivery estimates areornme viewed as absolute, but useful for
comparisons of delivery rates between subwatershiedgeneral, the subwatersheds
Northeast, Lunds Valley, and West have similandel characteristics, while the South
is much larger. This is graphically displayed oupds per acre in Figures 12, 13, and
14. The increase in delivery per acre from the Bgubwatershed is primarily due to two
large rainfall events that did not affect the mogethern subwatersheds.



Powers Lake Nutrient/Dissolved Oxygen TMDL Final: September 2008
Page 22 of 44

Table 19. Total Nitrogen, Total Phosphorus and TotaSuspended Solids Delivery
Estimates (kg/knf) for Four Subwatersheds of Powers Lake.

Total Suspended Solids

Subwatershed Total Nitrogen Total Phosphorus

Northeast 48.17 14.62 638.02
Lunds Valley 52.24 17.34 2159.88
West 60.64 20.58 584.39
South 101.99 30.65 5512.11

0.43 Ibs/acre
Northeast Tributary

0.91Ibs/acre
South Tributary

0.47 Ibs/acre
Lunds Valley
Tributary

0.54 Ibs/acre
West Tributary

Figure 12. Total Nitrogen Yield (Ibs./acre) by Subwtershed.
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0.13 Ibs/acre
Northeast Tributary

0.27 Ibs/acre
South Tributary

0.15 Ibs/acre
Lunds Valley
Tributary

0.18 Ibs/acre Sou
Tributary

Figure 13. Total Phosphorus Yield (Ibs./acre) by Sawwatershed.

5.69 Ibs/acre
ortheast Tributary

19.27 Ibs/acre
Lunds Valley
Tributary

49.18 Ibs/acre
South Tributary

5.21 Ibs/acre
West Tributary

Figure 14. Total Suspended Solids Yield (Ibs/acréy Subwatershed.
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5.0 TECHNICAL ANALYSIS

Establishing a relationship between in-lake wateality targets and source loading is a critical
component of TMDL development. Identifying the cewasd-effect relationship between
pollutant loads and the water quality responsecessary to evaluate the loading capacity of the
receiving waterbodies. The loading capacity isaimount of pollutant that can be assimilated by
the waterbody while still attaining and maintainthg beneficial uses listed in the State’s water
quality standards. This section discusses thenteghanalysis used to estimate existing loads to
Powers Lake and the predicted trophic responsieeotake to the reductions in loading capacity.

5.1 Tributary Load Analysis

To facilitate the analysis and reduction of tribytaflow and outflow water quality and flow
data the FLUX program was employed. The FLUX progralso developed by the US
Corps of Engineers Waterways Experiment StationlK&/a1996), uses six calculation
techniques to estimate the average mass dischatgading that passes through a given
river or stream site. FLUX estimates loadings basedrab sample chemical concentrations
and the continuous daily flow record. Load is there defined as the mass of a pollutant
during a given time period (e.g., hour, day, mos#gson, year). The FLUX program allows
the user, through various iterations, to selecttlost appropriate load calculation technique
and data stratification scheme, either by flow ated which will give a load estimate with the
smallest statistical error, as represented by tledficient of variation. Output from the

FLUX program is then provided as an input file &ilerate the BATHTUB eutrophication
response model. For a complete description of théXprogram the reader is referred to
Walker (1996).

5.2BATHTUB Trophic Response Model

The BATHTUB model (Walker, 1996) was used to predind evaluate the effects of
various nutrient load reduction scenarios on Powake. BATHTUB performs steady-state
water and nutrient balance calculations in a sipasagmented hydraulic network. The
model accounts for advective and diffusive transpod nutrient sedimentation.
Eutrophication related water quality conditions predicted using empirical relationships
previously developed and tested for reservoir aptbns.

The BATHTUB model is developed in three phasese flist two phases involve the
analysis and reduction of the tributary and in-laleger quality data. The third phase
involves model calibration. In the data reductudvase, the in-lake and tributary monitoring
data collected as part of the project were sumradriz a format which can serve as inputs to
the model.

The tributary data were analyzed and reduced b¥LtheX program. FLUX uses tributary
inflow and outflow water quality and flow data tstinate average mass discharge or loading
that passes a river or stream site using six cion techniques. Load is therefore defined
as the mass of a pollutant during a given unitroét In the case of Powers Lake, the FLUX
program came up with an annual phosphorus loagkdb4 kg/yr, including both internal

and external loads. Phosphorus loads for the iddalisubwatersheds were also calculated
(Table 20). The FLUX model then allows the usepitk the most appropriate load
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calculation technique with the smallest statisterabr. Output for the FLUX program is
then used to calibrate the BATHTUB model.

Table 20. Powers Lake Total Phosphorus Budget ford®1.

Source Phosphorus Load (kg)
Precipitation 195.9
Northeast Trib. (385035) 629.8

Lunds Valley Trib. (385036) 976.6

West Trib. (385037) 349.4

South Trib. (385038) 723.7
Outflow (380539) 1,167.0

Net Retention 1,708.3
In-Lake cycling 2,370.0

Total Annual Load (External Load + In-Lake Cycling) 5,245.4
Trapping Efficiency 59%
Hydraulic Residence Time 2.96 years (1080.4 days)

The reservoir data were reduced in Excel usingethoemputational functions. These
include: 1) the ability to display concentratiassa function of depth, location, or date; 2)
summary statistics (mean, median, etc.); and vatuation of trophic status. The output
data from the Excel program were then used to i@élthe BATHTUB model.

When the input data from the FLUX and Excel progsare entered into the BATHTUB
model the user has the ability to compare predictedlitions (model output) to actual
conditions using general rates and factors. Th&@ BRMJB model is then calibrated by
combining tributary load estimates for the projeetiod with in-lake water quality estimates.
The model is termed calibrated when the predicttichates for the trophic response
variables are similar to observed estimates fragrptioject monitoring data. BATHTUB
then has the ability to predict total phosphoruscemtration, chlorophyll-a concentration,
and Secchi disk transparency along with the astatiBS| scores as a means of expressing
trophic response.

As stated above, BATHTUB can compare predictedotial conditions (Table 23). After
calibration, the model was run based on observadeastrations of phosphorus and nitrogen,
to derive an estimated an annual average totalpbtooss external load of 2875.4 kg. The
model was then run to evaluate the effectivenessmfmber of nutrient reduction
alternatives including: 1) reducing externallyided nutrient loads; 2) reducing internally
available nutrients; and 3) reducing both exteamal internal nutrient loads.
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Table 21. Observed and Predicted Values for Select@rophic Response Variables for
the Calibrated BATHTUB Model.

Variable Observed Predicted
Total Phosphorus as P (mg/L) 0.309 0.309
Total Nitrogen as N (mg/L) 2.545 2.545
Chlorophyll-a (ig/L) 70.68 70.70
Secchi Disk Transparency (m) 0.2% 0.23
Carlson’s TSI for Phosphorus 86.82 86.83
Carlson’s TSI for Chlorophyll-a 66.86 66.96
Carlson’s TSI for Secchi Disk 81.74 81.18
1-Annual volume weighted averages
2-Average

In the case of Powers Lake, BATHTUB modeled twaieat reduction alternatives. The

first alternative reduced externally derived phaspl. Phosphorus was used in the initial set
of simulation models based on its known relatiopghieutrophication and that it is
controllable with the implementation of watersheesBManagement Practices (BMPs) or
lake restoration methods. Changes in trophic respavere evaluated by reducing external
derived phosphorus loading by 50, 75, and 90 péfdexbles 22, 23, and 24). Simulated
reductions were achieved by reducing phosphorusesdrations in contributing tributaries
and other externally delivery sources. Flow wdd kenstant due to uncertainty in of
estimating changes in hydraulic discharge withitmglementation of BMPs. These
reductions alone did not bring the lake to ther@eksirophic state (Figure 15).

Table 22. Powers Lake's Observed and Calibrated Maal with a 50 Percent Reduction in
External Loads of Total Phosphorus and Total Nitrogn.

Variable Observed iegizies 50%. External
Reduction

Total phosphorus (mg/L) 0.309 0.206

Total nitrogen (mg/L) 2.545 1.984

Conservative nutrient (Nitrogen, mg/L) 0.168 0.123

Chlorophyll-a ( g/L) 40.30 33.19

Secchi disk depth (m) 0.22 0.27

Carlson’s TSI phosphorus 86.82 80.98

Carlson’s TSI chlorophyll-a 66.86 64.96

Carlson’s TSI Secchi disk 81.74 78.77
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Table 23. Powers Lake's Observed and Calibrated Maal with a 75 Percent Reduction in

External Loads of Total Phosphorus and Total Nitrogn.

Modeled 75% External

Variable Observed .
Reduction
Total phosphorus (mg/L) 0.309 0.139
Total nitrogen (mg/L) 2.545 1.674
Conservative nutrient (Nitrogen, mg/L) 0.168 0.094
Chlorophyll-a (g/L) 40.30 26.87
Secchi disk depth (m) 0.22 0.32
Carlson’s TSI phosphorus 86.82 75.26
Carlson’s TSI chlorophyll-a 66.86 62.88
Carlson’s TSI Secchi disk 81.74 76.36

Table 24. Powers Lake's Observed and Calibrated Maa with a 90 Percent Reduction in

External Loads of Total Phosphorus and Total Nitrogn.

Modeled 90% External

Variable Observed .
Reduction
Total phosphorus (mg/L) 0.309 0.087
Total nitrogen (mg/L) 2.545 1.475
Conservative nutrient (Nitrogen, mg/L) 0.168 0.068
Chlorophyll-a ( g/L) 40.30 20.24
Secchi disk depth (m) 0.22 0.40
Carlson’s TSI phosphorus 86.82 68.56
Carlson’s TSI chlorophyll-a 66.86 60.11
Carlson’s TSI Secchi disk 81.74 73.33
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Figure 15. Model-Predicted Lake Trophic Response &m Decreases in External Loads.

The model was then run again to assess differgatd®f reduction in external pollution
loads with a 50 percent reduction in internal rautriload. This data is presented in Tables

25, 26 and 27, and Figure 16.

Table 25. Powers Lake's Observed and Calibrated Maal with a 50 Percent Reduction in
Internally Available Nutrients and 50 Percent Redudion in External Loads of Total

Nitrogen and Total Phosphorus.

Modeled 50% Internal and

VRIS SigsEEe 50% External Reduction
Total phosphorus (mg/L) 0.309 0.049

Total nitrogen (mg/L) 2.545 0.689
Conservative nutrient (Nitrogen, mg/L)  0.168 0.033
Chlorophyll-a ( g/L) 40.30 14.01

Secchi disk depth (m) 0.22 1.16
Carlson’s TSI phosphorus 86.82 60.43
Carlson’s TSI chlorophyll-a 66.86 56.50
Carlson’s TSI Secchi disk 81.74 57.83
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Table 26. Powers Lake's Observed and Calibrated Ma#l with a 50 Percent Reduction in
Internally Available Nutrients and 75 Percent Redudion in External Loads of Total
Nitrogen and Total Phosphorus.

Modeled 50% Internal and

VEliEllE SoEEinEe 75% External Reduction
Total phosphorus (mg/L) 0.309 0.041

Total nitrogen (mg/L) 2.545 0.689
Conservative nutrient (Nitrogen, mg/L)  0.168 0.033
Chlorophyll-a ( g/L) 40.30 14.01

Secchi disk depth (m) 0.22 1.64
Carlson’s TSI phosphorus 86.82 57.68
Carlson’s TSI chlorophyll-a 66.86 55.02
Carlson’s TSI Secchi disk 81.74 52.91

Table 27. Powers Lake's Observed and Calibrated Maal with a 50 Percent Reduction in
Internally Available Nutrients and 90 Percent Redudion in External Loads of Total
Nitrogen and Total Phosphorus.

: Modeled 50% Internal and
VEliEllE SoEEinEe 90% External Reduction
Total phosphorus (mg/L) 0.309 0.038

Total nitrogen (mg/L) 2.545 0.532
Conservative nutrient (Nitrogen, mg/L)  0.168 0.024
Chlorophyll-a ( g/L) 40.30 11.29

Secchi disk depth (m) 0.22 1.93
Carlson’s TSI phosphorus 86.82 56.43
Carlson’s TSI chlorophyll-a 66.86 54.38
Carlson’s TSI Secchi disk 81.74 50.54
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Figure 16. Model-Predicted Lake Trophic Response \h Decreases in External Loads
of Total Nitrogen and Total Phosphorus and 50 Perc# Reduction in Internally
Available Total Nitrogen and Total Phosphorus.

The model results indicate that if it were posstbleeduce internal nutrient loading in
Powers Lake by 50 percent and external phosphoadsrig 75 percent, the average annual
total phosphorus and chlorophyll-a concentrationthe lake would decrease and Secchi disk
transparency depth would increase. Table 28 shioaveliserved and predicted 50 percent
internal load reduction and 75 percent external lealuction values used for constructing
the TMDL (Section 7.0).

Table 28. Observed Load and Predicted Load ReductinValues from BATHTUB
Model.

Predicted Load
Observed TP Predicted Predicted 75% after 50 %
TMDL Load. External + 50% Internal External Load Internal & 75 %
’ Reduction Reduction External
Internal (kg/yr) .
(kglyr) (kglyr) Reductions
(kglyr)
Nutrients
(expressed and
P) and 5,245.4 -1,185.00 -2,156.55 1,903.85
Dissolved
Oxygen

Using the AGNPS model, it was determined that ip8rcent of the moderate to high
sediment and nutrient loading cells were addres®digh BMPs, then the sediment load
would decrease by 57 percent, and phosphorus loattwlecrease by 76 percent. This
exceeds the reduction determined necessary to teadesired trophic state and will allow
the lake to reach the chlorophyll-a TSI target eadfi55.02 determined in Section 3.1.
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5.3AGNPS Watershed Model

In 2004, the Powers Lake Watershed received a@e8fi9 grant from the NDDoH to start
implementing conservation practices based on artrépat was written after the assessment.
As a part of this five year project, Agriculturabhpoint Source Model (AGNPS), was used
to determine the changes in landuse since the @88dssment. AGNPS, developed by the
United States Department of Agriculture, AgriculliResearch Service, was then used to
analyze and predict the effect single storm eveamsbe expected to have on water quality in
a watershed.

The primary objectives for using the AGNPS 3.65 pladere to: 1) evaluate NPS
contributions within the watersheds; 2) identifitical pollutant source areas within the
watershed; and 3) evaluate potential pollutantggén, phosphorus, and sediment) reduction
estimates that can be achieved through the impl&tien of various BMP implementation
scenarios.

The AGNPS 3.65 model is a single event model thatttventy input parameters. Sixteen
parameters were used to calculate nutrient/sediméput, surface runoff and erosion. The
parameters used where receiving cell, aspect, 868, ,percent slope, slope shape, slope
length, Manning’s roughness coefficient, K-factGrfactor, P-factor, surface conditions
constant, soil texture, fertilizer inputs, poinuste indicators, COD factor and channel
indicator.

The AGNPS 3.65 model was used in conjunction witlinéensive land use survey to
determine critical areas within the Powers Lake ék&ited. AGNPS also allows division into
subwatersheds (Figure 17). Criteria used durieddhduse assessment were percent cover
on cropland and pasture/range conditions. Thegerieriwere used to determine the C factor
for each cell. The initial model was run using emtrconditions determined during the land
use assessment. A 25yr/24hr storm event (4.10-scheBurke County was applied to the
model to evaluate relative pollutant yields froncled0-acre cell. Each quarter, quarter of
land was given a cell number. Each cell represébiacres of land. The results for each
subwatershed were analyzed statistically. Critedls were identified using the 25

percentile method. Phosphorus readily attachesitparticles for transport. Figure 16
shows those areas with moderate soil loss (3-#8€dc) and cells with high soil loss (>5.00
tons/ac).Cells with sediment phosphorous levelyal2o5 tons/ac were identified as critical
(Figure 19).

The model was run a second time depicting a bagt s@enario, in which all critical
cropland and pasture/rangeland cells were treaidBMPs. The BMPs used during the
second run were no till, nutrient management, pil@sd grazing and pasture/hayland
plantings. The BMPs were reflected within the mdamlemaking changes in the input
parameters.

Once nutrient loadings are decreased, algal biom#issecline, dissolved oxygen will
increase, and the overall trophic status of therxesr will improve.
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Figure 17. AGNPS Model Derived Flow Paths
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Critical Soil Loss Areas

] Soil loss between 3.00 and 4.99 tons/ac.

B Soil loss between 5.00-46.62 tons/ac.

Figure 18. AGNPS Identified Moderate and High SoiLoss Areas.
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Critical Phosphorus
Loading Cells

B sediment Phosphorous Greater
Than 2.5 tons/ac.

Figure 19. AGNPS Identified Critical Phosphorus Loaling Cells.

5.4Dissolved Oxygen

Powers Lake is listed as fully supporting but theead for fish and aquatic biota designated
uses because dissolved oxygen levels are belo@t#te’'s water quality standard. (see
Figure 7). AGNPS and BATHTUB models indicate thatessive nutrient loading is
responsible for the low dissolved oxygen levelPawers Lake.

The cycling of nutrients in aquatic ecosystemsiigely determined by oxidation-reduction
(redox) potential and the distribution of dissoheg/gen and oxygen-demanding particles
(Dodds, 2002). Dissolved oxygen gas has a strdimgtgffor electrons, and thus influences
biogeochemical cycling and the biological availapibf nutrients to primary producers such
as algae. High levels of nutrients can lead toogication, which is defined as the increased
productivity of the system resulting in the undakle growth of algae and other aquatic
plants. In turn, eutrophication can lead to incegelsiological oxygen demand and oxygen
depletion due to the respiration of microbes tletodnpose the dead algae and other organic
material.
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AGNPS and BATHTUB models indicated that excessweient loading is responsible for
the low dissolved oxygen levels in Powers Lake. 28et1983) summarized, “The loading of
organic matter to the hypolimnion and sedimentgrotiuctive eutrophic lakes increases the
consumption of dissolved oxygen. As a result, tkigen content of the hypolimnion is
reduced progressively during the period of sumrtratifcation.”

Carpenter et al. (1998), has shown that nonpoimices of phosphorous lead to eutrophic
conditions for many lake/reservoirs across the LOBe consequence of eutrophication is
oxygen depletions caused by decomposition of agaeaquatic plants. They also document
that a reduction in nutrients will eventually Ieadthe reversal of eutrophication and
attainment of designated beneficial uses. Howedherrates of recovery are variable among
lakes/reservoirs. This supports the North Dakagpddtment of Health’'s viewpoint that
decreased nutrient loads at the watershed levetegillt in improved oxygen levels. The
concern is that this process takes a significarttuarnof time (5-15 years).

In Lake Erie, heavy loadings of phosphorous haygaicted the lake severely. Monitoring
and research from the 1960’s has shown that deggtésgolimnetic dissolved oxygen levels
were responsible for large fish kills and large snaftdecaying algae. Binational programs to
reduce nutrients into the lake have resulted invaravard trend of the oxygen depletion rate
since monitoring began in the 1970’s. The trendxyfgen depletion has lagged behind that
of phosphorous reduction, but this was expected.
Seehttp://www.epa.gov/glnpo/lakeerie/dostory.himl

Nurnberg (1995, 1995a, 1996, 1997), developed eefrtbdt quantified duration (days) and
extent of lake oxygen depletion, referred to asmoxic factor (AF). This model showed
that AF is positively correlated with average anratal phosphorous (TP) concentrations.
The AF may also be used to quantify response terala¢d restoration measures which
makes it very useful for TMDL development. Nirrp€t996), developed several
regression models that show nutrients controkapiic state indicators related to oxygen
and phytoplankton in lakes/reservoirs. These nsodelre developed from water quality
characteristics using a suite of North AmericarelakNDDoH has calculated the
morphometric parameters such as surface arga (4616 acres; 6.54 in mean depth (z =
5.7 feet; 1.74 meters), and the ratio of the mengan depth to the surface area (24
0.73) for Powers Lake which show that these pararsetre within the range of lakes used
by Nurnberg (Table 20). Based on this informatidDDoH is confident that Nurnberg’s
empirical nutrient-oxygen relationship holds troe North Dakota lakes and reservoirs.
NDDoH is also confident that prescribed BMPs weltluce external loading of nutrients to
Powers Lake which will reduce algae blooms andetioee increase oxygen levels over time.

Table 29. Range of Parameters within Nurnberg's Modl.

Variable Nurnberg Range
Z (meters) 1.6 — 200

A, (k) 5-8.2x10
z/IA, *° 0.14 —48.1
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As a result of this direct influence, it is antiaipd that meeting the phosphorus load
reduction target in Powers Lake will address tlesalved oxygen impairment. A reduction
in total phosphorus load to Powers Lake would h@eeted to lower algal biomass levels in
the water column, thereby reducing the biologicalgen demand exerted by the
decomposition of these primary producers. Thectol in biological oxygen demand is
therefore assumed to result in attainment of tesalved oxygen water quality standard.

6.0 MARGIN OF SAFETY AND SEASONALITY

6.1 Margin of Safety

Section 303(d) of the Clean Water Act and EPA'sila@gns require that “TMDLs shall be
established at levels necessary to attain and aiaitite applicable narrative and numerical
water quality standards with seasonal variatiorsaamargin of safety which takes into
account any lack of knowledge concerning the refesthip between effluent limitations and
water quality.” The margin of safety (MOS) carheit be incorporated into conservative
assumptions used to develop the TMDL (implicitpdded as a separate component of the
TMDL (explicit).

Assuming the current annual total phosphorus ledg245.4 kg/yr, a 75 percent external and
50 percent internal reduction is equivalent to 3,38 kg/yr and will be achieved through the
implementation of best management practices affg@gricultural land in the watershed.
An additional 5 percent load reduction, or 95.189/kgs being used to provide an additional
margin of safety to account for additional or nesponsive NPS sources. Additionally,
conservative assumptions were used within the Elons and models, as well as
determining the target TSI scores, thus addingititiyl to the margin of safety. Finally, the
area immediate to the lake, including the town @ivers Lake, was not included with the
rest of the subwatersheds in the allocation ponifaihis document (Section 8.0), due to the
fact it is difficult to calculate loading from thgnall area. The Section 319 project already
under implementation addresses nonpoint sourcatmollfrom Powers Lake in terms of a
Stormwater Pollution Plan and most of the reshefdrea around the lake is undeveloped
and in some sort of herbaceous cover at this tiare; reduction in NPS pollution that
occurs in this area will add to the margin of safet this TMDL.

Also, since the impairments are nonpoint souraaaiinire, and mostly derived from
agricultural sources, all TMDLs are linked to eather (see descriptions of each in Section
3.0). Phosphorus, because of its tendency toteabil particles and organic matter, is
primarily transported in surface runoff with erodstiiments (USEPA, 1999a). Dissolved
oxygen can decline if nutrient and sediment loadshggh. A reduction focused on
phosphorus will improve the water quality in regatd sediment and dissolved oxygen as
well.

As an additional margin of safety during the impémation phase, a project implementation
plan will be developed to include concurrent andtpmplementation monitoring to
investigate the effectiveness of the TMDL contiasl to determine the attainment of the
targets. The project implementation plan is nadaticdocument, but an adaptive
management tool that will be used and modifiechassttuation necessitates throughout the
implementation phase.



Powers Lake Nutrient/Dissolved Oxygen TMDL Final: September 2008
Page 37 of 44

6.2 Seasonality

Section 303(d)(1)(C) of the Clean Water Act andh®. Environmental Protection Agency
(EPA's) regulations require that a TMDL be estdiddswith seasonal variations. The
Powers Lake TMDLs address seasonality becauseAlR&IBUB model incorporates
seasonal differences in its prediction of annuarage total phosphorus concentrations.

7.0 TMDL

The tables below summarizes the nutrient, sedinaentdissolved oxygen TMDLs for Powers
Lake in terms of loading capacity, wasteload alliores, load allocations, and a margin of safety.
The TMDL can be generically described by the foilogvequation:

TMDL = LC = WLA + LA + MOS where:

LC loading capacity, or the greatest loading a viatgy can receive without violating water
guality standards;

WLA wasteload allocation, or the portion of the TMDOloeated to existing or future point
sources;

LA load allocation, or the portion of the TMDL alloedtto existing or future nonpoint
sources;

MOS margin of safety, or an accounting of uncertaatiput the relationship between pollutant
loads and receiving water quality. The marginaiésy can be provided implicitly
through an alytical assumptions or explicitly bgerving a portion of loading capacity.

7.1 Nutrient TMDL

A Carlson’s chlorophyll-a TSI target of 55.02 wédmsen for the Powers Lake nutrient
TMDL target. Through the use of the BATHTUB modeklas determined that a 50 percent
internal load reduction along with a 75 perceneexdl load reduction in phosphorus is
required to restore the lake to the target troptate of eutrophic; this corresponds to a
chlorophyll-a TSI of 55.02 (Table 30).

Table 30. Observed and Predicted TSI Scores Assungjira 75 Percent Reduction in
External and 50 Percent Reduction in Internal Phosporus Loading.

TSI Score Modeled
TSI Score 75% External, 50% Internal
Variable Observed Reduction
in P Loading
Carlson’s TSI for Phosphorus 86.82 57.68
Carlson’s TSI for Chlorophyll-a 66.86 55.02
Carlson’s TSI for Secchi Disk 81.74 52.91

TSI <40 = Oligotrophic (least productive)
TSI 40-50 = Mesotrophic

TSI 50-60 = Eutrophic

TSI > 60 = Hypereutrophic (most productive)
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Based on data collected in 2001, the existing drtota phosphorus load to Powers Lake is
estimated at 5245.4 kg/yr. Assuming a 75% reduodtieexternal phosphorus loading
combined with a 50% reduction in internal phospkdoading will result in Powers Lake
reaching a TMDL target total phosphorus concerratif0.041 mg [* and an
accompanying chlorophyll-a TSI target of 55.02, iDL or Loading Capacity is 1903.85
kg/yr. Assuming 5% of the loading capacity (95.12yK) is explicitly assigned to the MOS
and there are no point sources in the watershiedf tie remaining loading capacity
(1808.66 kg/yr) is assigned to the load allocafibable 31).

In November 2006 EPA issued a memorandum “EstabshMDL “Daily” Loads in Light

of the Decision by the U.S. Court of Appeals fag th.C. Circuit in Friends of the Earth, Inc.
v. EPA et. al., No. 05-5015 (April 25, 2006) andolinations for NPDES Permits,” which
recommends that all TMDLs and associated load atiloes and wasteload allocations
include a daily time increment in conjunction witther appropriate temporal expressions
that may be necessary to implement the relevardgngaiality standard. While the
Department believes that the appropriate tempoyadession for phosphorus loading to lakes
and reservoirs is as an annual load, the phospAdi_ has also been expressed as a daily
load. In order to express this phosphorus TMDh dsily load the annual loading capacity
of 1903.85 kg/yr was divided by 365 days. Baseth@analysis, the phosphorus TMDL,
expressed as an average daily load, is 5.216 kgédhythe load allocation equal to 4.955
kg/day and the MOS equal to 0.261 kg/day.

Table 31. Summary of the Nutrient TMDL for Powers Lake.

Category T (igg/sr? REIIE Explanation
Existing Load (Total) 5,245.40 From observed data
External 2,875.40
Internal 2,370.00
Loading Capacity (Total) 1,903.85
External 718.85 75% reduction based on model
Internal 1,185.00 50% reduction based on model
Wasteload Allocation 0 No point sources
Load Allocation 1,808.66 Egrt_:;)%ilr?f\sdérllﬁccezpa0|ty minus MOS is allocated to
MOS 9519 II\E/I)EJPISICIt five percent (5%) of total loading capacit

7.2 Dissolved Oxygen TMDL

It is expected that by attaining the nutrient loaduction target established for Powers Lake,
the dissolved oxygen impairment will be address&deduction in nutrient load to Powers
Lake would be expected to lower algal biomass kirethe water column, thereby reducing
the biological oxygen demand exerted by the decaitipa of these primary producers. The
reduction in the biological oxygen demand is therefassumed to result in attainment of the
of the State’s dissolved oxygen Water Quality Ssadd

8.0 ALLOCATION

Powers Lake’s watershed supports extensive agunr@nhere cropland constitutes a majority of
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the landuse. In order to determine more accuratbbre pollution loading was originating, and
to most effectively implement conservation pracjd@owers Lake was divided into five smaller
subwatersheds. These were labeled Northeast, [\ealtesy, West, South, and Immediate (for
area immediately surrounding the lake, includirgtibwn of Powers Lake). For purposes of
loading, the first four subwatersheds were consdletUsing the AGNPS model, it was
determined that if 87 percent of the moderate ¢ Isioil erosion and nutrient loading cells were
addressed through best management practices (BMesediment load would decrease by 57
percent, and phosphorus load would decrease bgrcémt. Both of these values are within the
reduction required by the above TMDL. Through datalysis it was determined that all
subwatersheds do not contribute equally (TablentBFRagures 12, 13, and 14). In order to
allocate loads based on contributions, Table 32cmated. It should be noted that while
precipitation contributes 6.8% of the load, theree@o BMPs to address this issue. To account
for this portion of the load, each of the subwdteds was given an equal portion of the
precipitation load (1.7%), in addition to their own

Table 32. Observed Total Phosphorus Load and LoadIcation Divided by
Subwatershed.

Total Phosphorus| Percent of Total Flattlioy) @ N4

. External Load

Tributary Mass Load (kg) External Load Allocation’
Observed (%) TP (kg)

Northeast (385035) 629.8 21.9 161.17
Lunds Valley
(385036) 976.6 34.0 243.80
West (385037) 349.4 12.1 9424
South (385038) 723.7 25.2 183'70
Precipitation 195.9 6.8 -
Total 2,875.4 100.00 682.91

! Based on individual subwatershed’s percent of lodd7% of total to account for precipitation load.

Table 33. Summary of Total Phosphorus Load, Reduain, and Allocation Amounts.

Load Allocation Amounts Total Phosphorus Load (kg)
Total Load (kg) 5,245.40
Observed Internal Load 2,370.00

50 Percent Internal TMDL Reduction + MOS 1,244.25
Internal Allocation 1,125.75
Observed External Load 2,875.40

75 Percent External TMDL Reduction +MOS 2,192.49
External Allocation 682.91

Total Allocation (Internal + External)-5% MOS 1,808.66
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TMDLs in this report are a plan to improve watealify by implementing BMPs through a
volunteer, incentive-based approach. This TMDL paput forth as a recommendation to what
needs to be accomplished for the Powers Lake amvaaitershed to meet and protect its
beneficial uses. Water quality monitoring shouldtotue to assess the effects of
recommendations made in this TMDL. Monitoring maglicate that loading capacity
recommendations be adjusted.

9.0 PUBLIC PARTICIPATION

To satisfy the public participation requirementtus TMDL, a hard copy of the TMDL for
Powers Lake and a request for comment was mailpdrtaipating agencies, partners, and to
those who requested a copy. Those included im#ikng of a hard copy were:

Powers Lake Watershed Committee

Mountrail and Burk County Soil Conservation Distsic

Mountrail and Burke County Water Resource Boards

North Dakota Game and Fish Department

Natural Resource Conservation Service (State, Malisnd Burke County Field
Offices)

U.S. Environmental Protection Agency, Region VIl

U.S. Fish & Wildlife Service

In addition, the TMDL report was been posted onNloeth Dakota Department of Health,
Division of Water Quality web site attp://www.health.state.nd.us/wgA 30 day public notice
soliciting comment and participation was also beeblished in the following newspapers:

The Bismarck Tribune.
Minot Daily News

Burke County Tribune
Mountrail County Promoter

In response to the Department’s public notice, cemisiwere received from the US Fish and
Wildlife Service’s North Dakota Field Office, theSLEPA Region 8 and from Scott Elstad
with the North Dakota Game and Fish Departmentéform of hand written notes in the
margins of the draft report. A copy of the US ERANd US Fish and Wildlife
Service’s.comments are provided in Appendices ERamdspectively. The Department’'s
response to comments are provided in Appendix G.

10.0 MONITORING
To insure that the implementation of BMPs will redyphosphorus levels and result in a
corresponding increase in dissolved oxygen, waiality monitoring will be conducted in

accordance with an approved Quality Assurance Er&jan (QAPP).

Specifically, monitoring will be conducted for &kriables that are currently causing
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impairments to the beneficial uses of the waterbdtigse include, but are not limited to
nutrients (i.e., nitrogen and phosphorus) and tlisslboxygen. Since a watershed restoration
plan (e.g. 319 PIP) has already been implementeditaring will be conducted in the
lake/reservoir according to the approved QAPP,iyegg two years after implementation and
extending five years after the implementation prbje complete.

11.0 TMDL IMPLEMENTATION STRATEGY

Implementation of TMDLSs is dependent upon the amlity of Section 319 NPS funds or other
watershed restoration programs (e.g. USDA EQIPyealkas securing a local project sponsor
and the required matching funds. Provided thesethequirements are in place, a project
implementation plan (PIP) is developed in accordamith the TMDL and submitted to the ND
Nonpoint Source Pollution Task Force and US EPAafiproval. The implementation of the best
management practices contained in the NPS pollutianagement project is voluntary.
Therefore, success of any TMDL implementation proje ultimately dependent on the ability

of the local project sponsor to find cooperatingducers.

Monitoring is an important and required compondraryy PIP. As a part of the PIP, data are
collected to monitor and track the effects of BMiplementation as well as to judge overall
project success. Quality Assurance Project Pladd*{@3) detail the strategy of how, when and
where monitoring will be conducted to gather thtadeeeded to document the TMDL
implementation goal(s). As data are gathered aatyaed, watershed restoration tasks are
adapted to place BMPs where they will have thetgetdenefit to water quality.

Since Powers Lake has already moved into implertientaf conservations practices to reduce
nutrients in the watershed and improve the troptatus of the lake, a monitoring plan is
currently in place. (Appendix C)

12.0 ENDANGERED SPECIES ACT COMPLIANCE

The North Dakota Department of Health has reviethedist of Threatened and Endangered
Species in Burke and Mountrail Counties as proviojethe US Fish and Wildlife Service
(Appendix C). Although there are listed speciesent in the county they do not utilize the
waterbody that is targeted by this TMDL. It is, réfere, the Department’s best professional
judgment that the Powers Lake TMDL poses “No Adediffect” to those Threatened and
Endangered species listed for Burke and Mountrailr@ies. In a letter dated September 4, 2008
(Appendix F) which was sent in response to the epnt’s request for public comments on

the Powers Lake TMDL report, the US Fish and Wiéd&ervice concurred with the
Department’s conclusion.
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Appendix A

A Calibrated Trophic Response Model (BATHTUB) for Fowers Lake



Model Calibration:

OUTPUT FORMAT: 2 OPTION: 1
CASE: Calibrated Model
HYDRAULIC AND DISPERSION PARAMETERS:
NET RESIDENCE OVERFLOW  MEAN-PISPERSION----- EXCHANGE
INFLOW TIME RATE VELOCITY EBMATED NUMERIC RATE
SEG OUT HMS3/YR YRS M/YR KM/YRKM2/YR KM2/YR HM3/YR
1 0 3.77 2.95874 .6 3.000. 14. 0.

OUTPUT FORMAT: 3 OPTION: 2
CASE: Calibrated Model
GROSS WATER BALANCE:

DRAINAGE AREA  ---- FLOWHMS3/YR) ----  RUNOFF
ID T LOCATION KM2 MEANVARIANCE CV M/YR
1 1385035 19.430 1.1800E+00 .000 .059
2 1385036 88.100 1.5000E+00 .000 .017
3 1385037 14.300 ADDOE+00 .000 .033
4 1 385038 8.420 1.3000E+00 .000 .154
5 4 385039 134.090 4.5800E+00 .000 .034
PRECIPITATION 6.530 1.958954E+00 .200 .300
EXTERNAL INFLOW 130.250 4.42000E+00 .000 .034
**TOTAL INFLOW 136.780 6.386154E+00 .061 .047
GAUGED OUTFLOW 134.090 4.58000E+00 .000 .034
UNGAUGED OUTFLOW 2.690 -.80868E+00 1.087 -.300
**TOTAL OUTFLOW 136.780 3.774768E+00 .232 .028
**EVAPORATION .000 2.612614E+00 .300 .000
*»**STORAGE INCREASE .000 .00@00E+00 .000 .000

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRAINS
COMPONENT: TOTAL P

————— LOADING ---- --- VARINCE --- CONC EXPORT
ID T LOCATION KG/YR %(l) KG/YR**2 %(l) CV MG/M3 KG/KM2

11 385035 629.6 21.9 .000E+0® .000 547.5 324
2 1 385036 976.6 34.0 .000E+0® .000 651.1 11.1
3 1 385037 349.4 12.2 .000E+0@ .000 732.4 244
41 385038 723.7 25.2 .000E+0@ .000 556.7 86.0
54 385039 1416.2 49.3 .624E€6€H.1 .176 309.2 10.6

PRECIPITATION 1959 6.8 .959E+260.0 .500 100.0 30.0
EXTERNAL INFLOW 2679.3 93.2 .000E+00.0 .000 605.2 20.6
**TOTAL INFLOW 2875.2 100.0 .959E+0400.0 .034 450.2 21.0
GAUGED OUTFLOW 1416.2 49.3 .624E+650.1 .176 309.2 10.6
UNGAUGED OUTFLOW -249.2 -8.7 .839E+@y3.91.162 309.2 -92.6
**TOTAL OUTFLOW 1167.0 40.6 .787E+0B19.9 .240 309.2 8.5
**STORAGE INCREASE .0 .0 .000E+00.0 .OOO .0 .0

**NET RETENTION 1708.3 59.4 .834E+0869.0 .169 .0 .0




HYDRAULIC = ------m-mmm-- TOTALP -----mom -

OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVERETENTION
RATE TIME CONC TIME RATIO COEF
M/YR YRS MG/M3 YRS - -
.58 29587 309.2 1.2009 .8325k941

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRAINS
COMPONENT: TOTAL N

----- LOADING ---- --- VARINCE --- CONC EXPORT
ID T LOCATION KG/YR %(l) KG/YR**2 %(l) CV MG/M3 KG/KM2

11 385035 2074.6 13.8 .000E+0® .000 1804.0 106.8
21385036 29415 19.6 .000E+0® .000 1961.0 33.4
3 1385037 1029.5 6.9 .000E+0® .000 2158.2 72.0
41 385038 2407.6 16.1 .000E+0® .000 1852.0 285.9
54 385039 11657.1 77.8 .791E+D4.2 .241 25452 86.9

PRECIPITATION 6530.0 43.6 .107E+(080.0 .500 3333.3 1000.0
EXTERNAL INFLOW 8453.2 56.4 .000E+00.0 .000 1909.5 64.9
**TOTAL INFLOW 14983.2 100.0 .107E+0800.0 .218 2346.3 109.5
GAUGED OUTFLOW 11657.1 77.8 .791E+(0/A.2 .241 2545.2 86.9
UNGAUGED OUTFLOW -2051.4 -13.7 .629E+(080.0 1.223 2545.2 -762.6
**TOTAL OUTFLOW 9605.6 64.1 .566E+0/3.1 .248 2545.2 70.2
**STORAGE INCREASE .0 .0 .000E+00.0 .oOO .0 .0

**NET RETENTION 5377.5 35.9 .629E+0B9.0 466 .0 .0

HYDRAULIC  ----nmemeeee 0] -V Np—
OVERFLOW RESIDENCE ~ POOL RESIDENCE TURNOVERETENTION
RATE TIME CONC TIME RATIO COEF
MIYR YRS MG/M3 YRS - -
58 2.9587 25452 1.8968 .5273589

OUTPUT FORMAT: 6 OPTION: 1
CASE: Calibrated Model

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS
USING THE FOLLOWING ERROR TERMS:

1 = OBSERVED WATER QUALITY ERROR ONLY

2 =ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET

3 = OBSERVED AND PREDICTED ERROR

SEGMENT: 1 deepest
OBSERVED ESTIMATED T STATISTICS
VARIABLE MEAN CV MEAN CV RATO 1 2 3

TOTALP MG/M3 309.0 .00 309.2 .18 0@. .00 .00 .00
TOTALN MG/M3 2545.0 .00 2545.2 .24 0@. .00 .00 .00
C.NUTRIENT MG/M3 167.7 .00 167.7 .20 0Q. .00 .00 .00
CHL-A MG/M3 40.3 .00 40.7 .2899. .00 -.03 -.03
SECCHI M 2 .00 .2 .2596. .00 -.16 -.18
ORGANICN MG/M3 181.0 .00 1815 .27 0a. .00 -.01 -.01
TP-ORTHO-P MG/M3 143.0 .00 143.2 .3200L. .00 .00 -.01




OUTPUT FORMAT: 7 OPTION: 1
CASE: Calibrated Model

OBSERVED AND PREDICTED DIAGNOSTIC VARIABLES
RANKED AGAINST CE MODEL DEVELOPMENT DATA SET

SEGMENT: 1 deepest
----- VALUES ----- --- RANKS (Y6---
VARIABLE OBSERVED ESTIMATED OBSERVED ESWIATED

TOTALP MG/M3 309.00 309.22 98.198.1
TOTALN MG/M3 2545.00 2545.22  92.792.7
C.NUTRIENT MG/M3 167.65 167.70 97.397.3
CHL-A  MG/M3 40.30 40.70 97.197.2
SECCHI M .22 .23 1821
ORGANIC N MG/M3 181.00 181.49 3.0 3.0
TP-ORTHO-P MG/M3 143.00 143.23  95.095.0
ANTILOG PC-1 2034.08 2004.76 94.794.6
ANTILOG PC-2 3.73 3.87 15.016.7
(N-150)/P 775 7.75 124124
INORGANICN/P 1424 1424 23.023.0
TURBIDITY 1/M .20 .20 10.3 10.3

ZMIX * TURBIDITY .34 .34 2 2

ZMIX | SECCHI 777 743 799777
CHL-A * SECCHI 887 9.36 421452
CHL-A/TOTAL P A3 13 26.1 26.6

FREQ(CHL-a>10) % 97.37 97.46 0.0
FREQ(CHL-a>20) % 79.39 79.84 0.0
FREQ(CHL-a>30) % 56.60 57.22 0.0
FREQ(CHL-a>40) % 38.28 38.88 0.0
CARLSON TSI-P 86.82 86.83 .0 .0
CARLSON TSI-CHLA 66.86 66.96 .0 .0
CARLSON TSI-SEC  81.82 81.18 .0.0

OUTPUT FORMAT: 8 OPTION: 1
CASE: Calibrated Model
PREDICTED CONCENTRATIONS:
VARIABLE SEGMENT--> 1

TOTALP MG/M3 309.22
TOTALN MG/M3 2545.22
C.NUTRIENT MG/M3  167.70
CHL-A MG/M3 40.70
SECCHI M .23
ORGANIC N MG/M3 181.49
TP-ORTHO-P MG/M3  143.23




Model: 0% Internal/ 90% External

OUTPUT FORMAT: 2 OPTION: 1
CASE: POWLK 90% load, Zero internal
HYDRAULIC AND DISPERSION PARAMETERS:

NET RESIDENCE OVERFLOW  MEAN -- --DISPERSION----- EXCHANGE
INFLOW  TIME RATE VELOCITY ES TIMATED NUMERIC RATE
SEG OUT HMS3/YR YRS M/YR KM/YR KM2/YR KM2/YR HM3/YR
1 0 4.43 1.48326 1.2 6.1 1000. 27. 0.

OUTPUT FORMAT: 3 OPTION: 2
CASE: POWLK 90% load, Zero internal
GROSS WATER BALANCE:

DRAINAGE AREA - FLOW (HM3/YR) ----  RUNOFF
ID T LOCATION KM2 MEAN VARIANCE CV M/YR
1 1385035 19.430 1.150 .000E+00 .000 .059
2 1385036 88.100 1.500 .000E+00 .000 .017
3 1385037 14.300 AT7 .000E+00 .000 .033
4 1 385038 8.420 1.300 .000E+00 .000 154
5 4 385039 134.090 4.580 .000E+00 .000 .034
PRECIPITATION 3.840 .000 .000E+00 .000 .000
EXTERNAL INFLOW 130.250 4.427 .000E+00 .000 .034
**TOTAL INFLOW 134.090 4.427 .000E+00 .000 .033
GAUGED OUTFLOW 134.090 4.580 .000E+00 .000 .034
UNGAUGED OUTFLOW .000 -.153 .000E+00 .000 .000
**TOTAL OUTFLOW 134.090 4.427 .000E+00 .000 .033
**EVAPORATION .000 .000 .000E+00 .000 .000
*»**STORAGE INCREASE .000 .000 .000E+00 .000 .000

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRI®ONS
COMPONENT: TOTAL P

----- LOADING ---- --- VARIA NCE --- CONC EXPORT
ID T LOCATION KG/YR %(l) KG/YR**2 %(l) CV MG/M3 KG/KM2
11 385035 629.6 22.5 .000E+00 .0 .000 5475 324
21 385036 976.6 34.9 .000E+00 .0 .000 651.1 111
3 1385037 349.4 12.5 .000E+00 .0 .000 7324 24.4
41 385038 723.7 25.9 .000E+00 .0 .000 556.7 86.0
5 4 385039 283.7 10.2 .352E+04 106.1 .209 620 21
PRECIPITATION 1152 4.1 .332E+04 100.0 .500 .0 30.0
EXTERNAL INFLOW 2679.3 95.9 .000E+00 .0 .000 605.2 20.6
**TOTAL INFLOW 2794.5 100.0 .332E+04 100.0 .021 631.2 20.8
GAUGED OUTFLOW 283.7 10.2 .352E+04 106.1 .209 620 21
UNGAUGED OUTFLOW -9.5 -3 .393E+01 1 .209 620 .0
*»**TOTAL OUTFLOW 274.3 9.8 .329E+04 99.2 209 620 2.0
*»**STORAGE INCREASE .0 .0 .000E+00 .0.000 0 0

**NET RETENTION 2520.3 90.2 .627E+04 1889 031 0 0




HYDRAULIC = - TOTAL P ---

OVERFLOW RESIDENCE

RATE TIME CONC TIME RATIO
M/YR YRS MG/M3 YRS -
1.15 1.4833 62.0 .1456 6.8695

POOL RESIDENCE TURNOVER

RETENTION
COEF

.9019

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRI®ONS

COMPONENT: TOTAL N
----- LOADING ---- --- VARIA

ID T LOCATION KG/YR %(l) KG/YR**2
11 385035 2074.6 16.9 .000E+00
21 385036 2941.5 23.9 .000E+00
3 1385037 1029.5 8.4 .000E+00
41 385038 2407.6 19.6 .000E+00
5 4 385039 3074.6 25.0 .585E+06

3840.0 31.2 .369E+07
8453.2 68.8 .000E+00

12293.2 100.0 .369E+07
3074.6 25.0 .585E+06

PRECIPITATION
EXTERNAL INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW

UNGAUGED OUTFLOW -102.7 -.8 .653E+03
*»**TOTAL OUTFLOW 2971.9 24.2 .547E+06
*»**STORAGE INCREASE .0 .0 .000E+00

**NET RETENTION 9321.3 75.8 .322E+07

HYDRAULIC = -------m-m-e- TOTALN ---
OVERFLOW RESIDENCE
RATE TIME CONC
M/YR YRS MG/M3
1.15 1.4833 671.3

TIME RATIO
YRS -
.3586 2.7888

OUTPUT FORMAT: 4 OPTION: 2
CASE: POWLK 90% load, Zero internal

POOL RESIDENCE TURNOVER

NCE --- CONC EXPORT
%(l) CV MG/M3 KG/KM2

.0 .000 1804.0 106.8
.0 .000 1961.0 334
.0 .000 2158.2 72.0
.0 .000 1852.0 285.9
15.9 249 671.3 229

100.0 .500 .0 1000.0
.0 .000 1909.5 64.9
100.0 .156 2776.9 91.7
15.9 249 671.3 229
.0 .249 6713 0
14.8 249 671.3 222
.0.000 0 0
874 .193 0 .0

RETENTION
COEF

.7583

SEGMENT BALANCE BASED UPON ESTIMATED CONCENTRATISGN

COMPONENT: TOTAL P SEGMENT: 1 deepest
- FLOW - -

ID T LOCATION HM3/YR % KG
1 1385035 1.15 26.0 62

2 1385036 150 33.9 97

3 1385037 48 10.8 34

4 1 385038 1.30 294 72

5 4 385039 4.58 103.5 28
PRECIPITATION .00 .0 11

443 100.0 267
443 100.0 279
458 103.5 28

EXTERNAL INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW
UNGAUGED OUTFLOW -15 -3.5 -
*»**TOTAL OUTFLOW 4.43 100.0 27
**NET RETENTION .00 .0 252

RESID. TIME = 1.483 YRS, OVERFLOW RATE =

1.2

CONC
MG/M3

LOAD ---
YR %

9.6 225 547.5
6.6 34.9 651.1
94 125 732.4
3.7 259 556.7
3.7 10.2 62.0

52 41 .0
9.3 95.9 605.2
4.5 100.0 631.2
3.7 10.2 62.0
95 -3 62.0
43 9.8 62.0
0.3 90.2 .0

M/YR, DEPTH = 1.7 M



SEGMENT BALANCE BASED UPON ESTIMATED CONCENTRATISGN
COMPONENT: TOTAL N SEGMENT: 1 deepest

--- FLOW --- --- LOAD --- CONC
ID T LOCATION HM3/YR % KG YR % MG/M3
1 1385035 115 26.0 207 46 169 1804.0
2 1385036 150 339 294 15 239 1961.0
3 1385037 48 108 102 9.5 84 2158.2
4 1385038 1.30 294 240 7.6 19.6 1852.0
5 4 385039 458 103.5 307 46 25.0 671.3
PRECIPITATION .00 .0 384 0.0 31.2 .0
EXTERNAL INFLOW 443 100.0 845 3.2 68.8 1909.5
**TOTAL INFLOW 4.43 100.0 1229 3.2 100.0 2776.9
GAUGED OUTFLOW 458 103.5 307 46 25.0 671.3
UNGAUGED OUTFLOW -15 -35 -10 27 -8 671.3
*»**TOTAL OUTFLOW 4.43 100.0 297 19 242 671.3
**NET RETENTION .00 .0 932 1.3 758 .0
RESID. TIME = 1.483 YRS, OVERFLOW RATE= 1.2 M/YR, DEPTH = 1.7 M

OUTPUT FORMAT: 6 OPTION: 1
CASE: POWLK 90% load, Zero internal

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS
USING THE FOLLOWING ERROR TERMS:

1 = OBSERVED WATER QUALITY ERROR ONLY

2 = ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET

3 = OBSERVED AND PREDICTED ERROR

SEGMENT: 1 deepest

OBSERVED ESTIMATED T STATISTICS
VARIABLE MEAN CV MEAN CV RAT o 1 2 3
TOTALP MG/M3 309.0 .00 62.0 .21 4. 99 .00 597 7.68
TOTALN MG/M3 2545.0 .00 671.3 .25 3. 79 .00 6.06 5.36
C.NUTRIENT MG/M3 167.7 .00 35.6 .23 4. 71 .00 7.71 6.82
CHL-A  MG/M3 403 .00 194 .45 2. 08 .00 2.12 1.65
SECCHI M 2 .00 15 .34 . 15 .00 -6.76 -5.64
ORGANIC N MG/M3 181.0 .00 613.5 .34 . 30 .00 -4.88 -3.57

TP-ORTHO-P MG/M3 143.0 .00 35.1 .46 4. 07 .00 3.84 3.04




OUTPUT FORMAT: 7 OPTION: 1
CASE: POWLK 90% load, Zero internal

OBSERVED AND PREDICTED DIAGNOSTIC VARIABLES
RANKED AGAINST CE MODEL DEVELOPMENT DATA SET

SEGMENT: 1 deepest
----- VALUES ----- --- RANKS (%
VARIABLE OBSERVED ESTIMATED OBSERVED EST

TOTALP MG/M3 309.00 61.95 98.1
TOTALN MG/M3 2545.00 671.30 92.7
C.NUTRIENT MG/M3 167.65 3557 97.3
CHL-A MG/M3 4030 19.36 97.1
SECCHI M 22 146 1.8
ORGANICN MG/M3 181.00 61354 3.0
TP-ORTHO-P MG/M3 143.00 35.11 95.0
ANTILOG PC-1  2034.08 346.69 94.7
ANTILOG PC-2 3.73 1355 15.0
(N - 150) / P 7.75 841 124
INORGANICN/P 1424 215 23.0
TURBIDITY /M .20 .20 10.3
ZMIX * TURBIDITY .34 .34 .2
ZMIX / SECCHI 777 117 79.9
CHL-A*SECCHI  8.87 2831 42.1
CHL-A/TOTALP .13 .31 261
FREQ(CHL-a>10) % 97.37 77.51
FREQ(CHL-a>20) % 79.39 35.86
FREQ(CHL-a>30) % 56.60 15.47
FREQ(CHL-a>40) % 38.28  6.94
CARLSONTSI-P  86.82 63.65 .0
CARLSON TSI-CHLA 66.86 59.67 .0
CARLSON TSI-SEC  81.82 5453 .0

.0

.0

.0
.0

IMATED



Model: 50% Internal/ 50% External

OUTPUT FORMAT: 2 OPTION: 1
CASE: 50% external 50% Internal
HYDRAULIC AND DISPERSION PARAMETERS:

NET RESIDENCE OVERFLOW  MEAN ----DISPERSION--- -- EXCHANGE
INFLOW TIME RATE VELOCITY ES TIMATED NUMERIC RATE
SEG OUT HMS3/YR YRS M/YR KM/YR KM2/YR KM2/YR HM3/YR
1 0 443 148326 1.2 6.1 1000 .27, 0.

OUTPUT FORMAT: 3 OPTION: 2
CASE: 50% external 50% Internal
GROSS WATER BALANCE:

DRAINAGE AREA - FLOW (HM3/YR) ----  RUNOFF
ID T LOCATION KM2 MEAN VARIANCE CV M/YR
1 1385035 19.430 1.150 .000E+00 .000 .059
2 1385036 88.100 1.500 .000E+00 .000 .017
3 1385037 14.300 ATT .000E+00 .000 .033
4 1 385038 8.420 1.300 .000E+00 .000 154
5 4 385039 134.090 4.580 .000E+00 .000 .034
PRECIPITATION 3.840 .000 .000E+00 .000 .000
EXTERNAL INFLOW 130.250 4.427 .000E+00 .000 .034
**TOTAL INFLOW 134.090 4.427 .000E+00 .000 .033
GAUGED OUTFLOW 134.090 4.580 .000E+00 .000 .034
UNGAUGED OUTFLOW .000 -.153 .000E+00 .000 .000
**TOTAL OUTFLOW 134.090 4.427 .000E+00 .000 .033
**EVAPORATION .000 .000 .000E+00 .000 .000
*»**STORAGE INCREASE .000 .000 .000E+00 .000 .000

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRI®ONS
COMPONENT: TOTAL P

----- LOADING ---- --- VARIA NCE --- CONC EXPORT
ID T LOCATION KG/YR %(l) KG/YR**2 %(l) CV MG/M3 KG/KM2
11 385035 315.1 21.7 .000E+00 .0 .000 274.0 16.2
21 385036 489.0 33.6 .000E+00 .0 .000 326.0 5.6
3 1385037 174.6 12.0 .000E+00 .0 .000 366.0 12.2
41 385038 361.4 24.8 .000E+00 .0 .000 278.0 42.9
5 4 385039 278.1 19.1 .307E+04 925 .199 60.7 2.1
PRECIPITATION 1152 7.9 .332E+04 100.0 .500 .0 30.0
EXTERNAL INFLOW 1340.1 92.1 .000E+00 .0 .000 302.7 10.3
**TOTAL INFLOW 1455.3 100.0 .332E+04 100.0 .040 328.7 10.9
GAUGED OUTFLOW 278.1 19.1 .307E+04 925 .199 60.7 2.1
UNGAUGED OUTFLOW -9.3 -6 .342E+01 1 .199 607 .0
*»**TOTAL OUTFLOW 268.8 18.5 .287E+04 86.4 .199 60.7 2.0
*»**STORAGE INCREASE .0 .0 .000E+00 .0.000 0 0

**NET RETENTION 1186.5 81.5 .551E+04 166.1 063 .0 .0




HYDRAULIC  ---ememeneen (o) I - J—— -
OVERFLOW RESIDENCE ~ POOL RESIDENCE TURNOVER RETENTION

RATE TIME CONC TIME RATIO COEF
M/YR YRS MG/M3 YRS - -
1.15 1.4833 60.7 .2740 3.6497 .8153

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRI®ONS
COMPONENT: TOTAL N

----- LOADING ---- --- VARIA NCE --- CONC EXPORT
ID T LOCATION KG/YR %(l) KG/YR**2 %(l) CV MG/M3 KG/KM2
11 385035 1037.3 12.9 .000E+00 .0 .000 902.0 53.4
2 1 385036 1471.5 18.2 .000E+00 .0 .000 981.0 16.7
3 1385037 514.7 6.4 .000E+00 .0 .000 1079.0 36.0
41 385038 1203.8 14.9 .000E+00 .0 .000 926.0 143.0
5 4 385039 3206.5 39.7 .657E+06 17.8 .253 700.1 23.9
PRECIPITATION 3840.0 47.6 .369E+07 100.0 .500 .0 1000.0
EXTERNAL INFLOW 4227.3 52.4 .000E+00 .0 .000 9549 325
**TOTAL INFLOW 8067.3 100.0 .369E+07 100.0 .238 1822.3 60.2
GAUGED OUTFLOW 3206.5 39.7 .657E+06 17.8 .253 700.1 23.9
UNGAUGED OUTFLOW -107.1 -1.3 .733E+03 .0 .253 700.1 .0
**TOTAL OUTFLOW 3099.4 38.4 .614E+06 16.7 .253 700.1 23.1
**STORAGE INCREASE .0 .0 .000E+00 .0.000 0 0
**NET RETENTION 4967.9 61.6 .255E+07 693 322 0 .0
HYDRAULIC = -------m-m--- TOTALN --- e

OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVER RETENTION

RATE TIME CONC TIME RATIO COEF

M/YR YRS MG/M3 YRS - -

1.15 1.4833 700.1 5699 1.7548 .6158

OUTPUT FORMAT: 6 OPTION: 1
CASE: 50% external 50% Internal

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS
USING THE FOLLOWING ERROR TERMS:

1 = OBSERVED WATER QUALITY ERROR ONLY

2 = ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET

3 = OBSERVED AND PREDICTED ERROR

SEGMENT: 1 deepest

OBSERVED ESTIMATED T STATISTICS
VARIABLE MEAN CV MEAN CV RAT o 1 2 3
TOTALP MG/M3 309.0 .00 60.7 .20 5. 09 .00 6.05 8.17
TOTALN MG/M3 2545.0 .00 700.1 .25 3. 64 .00 5.87 5.11
C.NUTRIENT MG/M3 167.7 .00 36.6 .22 4. 58 .00 7.57 6.98
CHL-A  MG/M3 403 .00 10.6 .36 3. 82 .00 3.87 3.73
SECCHI M 2 .00 .6 .23 . 38 .00 -3.47 -4.30
ORGANIC N MG/M3 181.0 .00 412.7 .24 . 44 .00 -3.30 -3.41

TP-ORTHO-P MG/M3 143.0 .00 194 .38 7. 36 .00 545 5.27




OUTPUT FORMAT: 7 OPTION: 1
CASE: 50% external 50% Internal

OBSERVED AND PREDICTED DIAGNOSTIC VARIABLES
RANKED AGAINST CE MODEL DEVELOPMENT DATA SET

SEGMENT: 1 deepest
----- VALUES ----- --- RANKS (%
VARIABLE OBSERVED ESTIMATED OBSERVED EST

TOTALP MG/M3 309.00 60.72 98.1
TOTALN MG/M3 254500 700.11 92.7
C.NUTRIENT MG/M3 167.65 36.59 97.3
CHL-A MG/M3 40.30 1055 97.1
SECCHI M 22 58 18
ORGANIC N MG/M3 181.00 412.69 3.0
TP-ORTHO-P MG/M3 143.00 19.43  95.0
ANTILOG PC-1  2034.08 337.91 94.7
ANTILOG PC-2 373 446 150

(N - 150) /P 7.75 9.06 12.4
INORGANICN/P 1424 696 23.0
TURBIDITY 1/M .20 .20 10.3
ZMIX * TURBIDITY .34 .34 .2
ZMIX / SECCHI 7.77 294 799
CHL-A*SECCHI 887 6.14 421
CHL-A/TOTALP .13 .17 26.1
FREQ(CHL-a>10) % 97.37 4117 .0
FREQ(CHL-a>20) % 79.39 899 .0
FREQ(CHL-a>30) % 56.60 2.30 .0
FREQ(CHL-a>40) % 3828 .70 .0
CARLSONTSI-P  86.82 63.36 .0
CARLSON TSI-CHLA 66.86 53.72 .0
CARLSON TSI-SEC  81.82 67.80 .0

IMATED



Model: 50% Internal/ 75% External

OUTPUT FORMAT: 2 OPTION: 1
CASE: 50% internal 75% External
HYDRAULIC AND DISPERSION PARAMETERS:
NET RESIDENCE OVERFLOW  MEAN --
INFLOW TIME RATE VELOCITY ES
SEG OUT HMS3/YR YRS M/YR KM/YR
1 0 3.77 2.95874 .6 3.0

OUTPUT FORMAT: 3 OPTION: 2
CASE: 50% external 75% Internal
GROSS WATER BALANCE:

DRAINAGE AREA - FLOW
ID T LOCATION KM2 MEAN
1 1385035 19.430 1.150
2 1385036 88.100 1.500
3 1385037 14.300 ATT
4 1 385038 8.420 1.300
5 4 385039 134.090 4.580
PRECIPITATION 6.530 1.959
EXTERNAL INFLOW 130.250 4.427
**TOTAL INFLOW 136.780 6.386
GAUGED OUTFLOW 134.090 4.580
UNGAUGED OUTFLOW 2.690 -.806
**TOTAL OUTFLOW 136.780 3.774
**EVAPORATION .000 2.612
*»**STORAGE INCREASE .000 .000

--DISPERSION----- EXCHANGE

TIMATED NUMERIC RATE
KM2/YR KM2/YR HM3/YR
1000. 14. 0.

(HM3/YR) ----  RUNOFF
VARIANCE CV  M/YR

.000E+00 .000 .059
.000E+00 .000 .017
.000E+00 .000 .033
.000E+00 .000 154
.000E+00 .000 .034

.154E+00 .200 .300
.000E+00 .000 .034
.154E+00 .061 .047
.000E+00 .000 .034
.768E+00 1.087 -.300
.768E+00 .232 .028
.614E+00 .300 .000
.000E+00 .000 .000

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRI®ONS

COMPONENT: TOTAL P
----- LOADING ---- --- VARIA

ID T LOCATION KG/YR %(l) KG/YR**2
11 385035 314.9 20.5 .000E+00
21 385036 489.0 31.8 .000E+00
3 1385037 174.7 11.4 .000E+00
41 385038 361.9 23.6 .000E+00
5 4 385039 314.8 20.5 .413E+04

195.9 12.8 .959E+04
1340.5 87.2 .000E+00
1536.4 100.0 .959E+04
314.8 20.5 .413E+04
UNGAUGED OUTFLOW -55.4 -3.6 .391E+04
*»**TOTAL OUTFLOW 259.4 16.9 .577E+04
*»**STORAGE INCREASE .0 .0 .000E+00
**NET RETENTION 1276.9 83.1 .136E+05

PRECIPITATION
EXTERNAL INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW

NCE --- CONC EXPORT
%(l) CV MG/M3 KG/KM2

.0 .000 273.8 16.2
.0 .000 326.0 5.6
.0 .000 366.2 12.2
.0 .000 278.4 43.0
43.1 .204 68.7 2.3

100.0 .500 100.0 30.0
.0 .000 302.8 10.3
100.0 .064 240.6 11.2
43.1 .204 68.7 2.3
40.7 1.128 68.7 -20.6
60.2 .293 68.7 1.9
.0.000 0 0
1417 091 0 0




HYDRAULIC  ---ememmeneen TOTALP -
OVERFLOW RESIDENCE
RATE TIME CONC TIME RATIO

M/YR YRS MG/M3 YRS -

.58 2.9587

68.7 .4996 2.0015

POOL RESIDENCE TURNOVER

RETENTION

COEF

.8311

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRI®ONS
COMPONENT: TOTAL N

ID T LOCATION

LOADING ---- --- VARIA
KGIYR %(l) KG/YR**2

11 385035
2 1 385036
3 1385037
41 385038
5 4 385039

1037.3 9.6 .000E+00
1471.5 13.7 .000E+00
514.7 4.8 .000E+00
1203.8 11.2 .000E+00
4218.5 39.2 .146E+07

PRECIPITATION
EXTERNAL INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW
UNGAUGED OUTFLOW
**TOTAL OUTFLOW

6530.0 60.7 .107E+08
4227.3 39.3 .000E+00
10757.3 100.0 .107E+08
4218.5 39.2 .146E+07
-742.4 -6.9 .754E+06
3476.1 32.3 .139E+07
**STORAGE INCREASE .0 .0 .000E+00
7281.1 67.7 .796E+07

NCE --- CONC EXPORT

%(l) CV MG/M3 KG/KM2

.0 .000 902.0 53.4
.0 .000 981.0 16.7
.0 .000 1079.0 36.0
.0 .000 926.0 143.0
13.7 .286 921.1 315

100.0 .500 3333.3 1000.0
.0 .000 9549 325
100.0 .304 1684.5 78.6
13.7 .286 921.1 315
7.11.169 921.1 -276.0
13.1 339 9211 254
.0.000 0 0
747 388 0 .0

**NET RETENTION

HYDRAULIC = -------m-mm—- TOTALN - e
OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVER RETENTION
RATE TIME CONC TIME RATIO COEF

M/YR YRS MG/M3 YRS - -
.58 29587 921.1 .9561 1.0459 .6769

OUTPUT FORMAT: 6 OPTION: 1
CASE: 50% internal 75% External

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS
USING THE FOLLOWING ERROR TERMS:

1 = OBSERVED WATER QUALITY ERROR ONLY

2 = ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET

3 = OBSERVED AND PREDICTED ERROR

SEGMENT: 1 deepest

OBSERVED ESTIMATED T STATISTICS
VARIABLE MEAN CV MEAN CV RAT o 1 2 3
TOTALP MG/M3 309.0 .00 68.7 .20 4. 50 .00 559 7.36
TOTALN MG/M3 2545.0 .00 921.1 .29 2. 76 .00 4.62 3.55
C.NUTRIENT MG/M3 167.7 .00 46.9 .21 3. 57 .00 6.33 6.12
CHL-A MG/M3 40.3 .00 17.8 .34 2. 26 .00 2.36 2.37
SECCHI M 2 .00 .7 25 . 31 .00 -4.20 -4.61
ORGANIC N MG/M3 181.0 .00 2159 .27 . 84 .00 -.70 -.65

TP-ORTHO-P MG/M3 143.0 .00 55.7 .37 2. 57 .00 2.58 2.56




OUTPUT FORMAT: 7 OPTION: 1
CASE: 50% internal 75% External

OBSERVED AND PREDICTED DIAGNOSTIC VARIABLES
RANKED AGAINST CE MODEL DEVELOPMENT DATA SET

SEGMENT: 1 deepest

----- VALUES ----- --- RANKS (% ) -
VARIABLE OBSERVED ESTIMATED OBSERVED EST IMATED
TOTALP MG/M3 309.00 6874 98.1 65.6
TOTALN MG/M3 254500 921.08 92.7 44.8
C.NUTRIENT MG/M3 167.65 46.94 97.3 63.4
CHL-A MG/M3 40.30 17.84 97.1 79.8
SECCHI M 22 71 18 29.2
ORGANICN MG/M3 181.00 21586 3.0 6.1
TP-ORTHO-P MG/M3 143.00 55.71 95.0 74.3
ANTILOG PC-1  2034.08 376.33 94.7 62.8
ANTILOG PC-2 3.73 6.28 150 48.2
(N -150)/P 775 1122 124 27.1
INORGANICN/P 1424 5410 23.0 72.7
TURBIDITY /M .20 .20 103 10.3
ZMIX * TURBIDITY .34 .34 .2 2
ZMIX / SECCHI 777 240  79.9 11.9
CHL-A*SECCHI  8.87 1270 421 62.2
CHL-A/TOTALP .13 .26 26.1 67.0

FREQ(CHL-a>10) % 97.37 7335 .0
FREQ(CHL-a>20) % 79.39 31.03 .0
FREQ(CHL-a>30) % 56.60 1253 .0
FREQ(CHL-a>40) % 38.28 534 .0
CARLSONTSI-P  86.82 65.15 .0
CARLSON TSI-CHLA 66.86 58.86 .0
CARLSON TSI-SEC  81.82 64.89 .0

OUTPUT FORMAT: 8 OPTION: 1
CASE: 50% internal 75% Exnternal
PREDICTED CONCENTRATIONS:
VARIABLE SEGMENT--> 1

TOTALP MG/M3 68.74
TOTALN MG/M3 921.08
C.NUTRIENT MG/M3  46.94
CHL-A MG/M3 17.84
SECCHI M 71
ORGANIC N MG/M3 215.86
TP-ORTHO-P MG/M3  55.71




Model: 50% Internal/ 90% External

OUTPUT FORMAT: 2 OPTION: 1
CASE: 50% Internal 90% External
HYDRAULIC AND DISPERSION PARAMETERS:
NET RESIDENCE OVERFLOW  MEAN --
INFLOW TIME RATE VELOCITY ES
SEG OUT HMS3/YR YRS M/YR KM/YR
1 0 4.43 1.48326 1.2 6.1

OUTPUT FORMAT: 3 OPTION: 2
CASE: 50% Internal 90% External
GROSS WATER BALANCE:

DRAINAGE AREA  -—-- FLOW
ID T LOCATION KM2 MEAN
1 1385035 19.430 1.150
2 1385036 88.100 1.500
3 1385037 14.300 AT7
4 1 385038 8.420 1.300
5 4 385039 134.090 4.580
PRECIPITATION 3.840 .000
EXTERNAL INFLOW 130.250 4.427
**TOTAL INFLOW 134.090 4.427
GAUGED OUTFLOW 134.090 4.580
UNGAUGED OUTFLOW .000 -.153
**TOTAL OUTFLOW 134.090 4.427
**EVAPORATION .000 .000
*»**STORAGE INCREASE .000 .000

--DISPERSION----- EXCHANGE

TIMATED NUMERIC RATE
KM2/YR KM2/YR HM3/YR
1000. 27. 0.

(HM3/YR) ----  RUNOFF
VARIANCE CV  M/YR

.000E+00 .000 .059
.000E+00 .000 .017
.000E+00 .000 .033
.000E+00 .000 154
.000E+00 .000 .034

.000E+00 .000 .000
.000E+00 .000 .034
.000E+00 .000 .033
.000E+00 .000 .034
.000E+00 .000 .000
.000E+00 .000 .033
.000E+00 .000 .000
.000E+00 .000 .000

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRI®ONS

COMPONENT: TOTAL P
----- LOADING ---- --- VARIA

ID T LOCATION KG/YR %(l) KG/YR**2
11 385035 315.1 21.7 .000E+00
21 385036 489.0 33.6 .000E+00
3 1385037 174.6 12.0 .000E+00
41 385038 361.4 24.8 .000E+00
5 4 385039 901.0 61.9 .138E+05

PRECIPITATION
EXTERNAL INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW

1152 7.9 .332E+04
1340.1 92.1 .000E+00
1455.3 100.0 .332E+04
901.0 61.9 .138E+05
UNGAUGED OUTFLOW -30.1 -2.1 .153E+02
*»**TOTAL OUTFLOW 870.9 59.8 .128E+05
*»**STORAGE INCREASE .0 .0 .000E+00
**NET RETENTION 584.4 40.2 .133E+05

NCE --- CONC EXPORT
%(l) CV MG/M3 KG/KM2

.0 .000 274.0 16.2
.0 .000 326.0 5.6
.0 .000 366.0 12.2
.0 .000 278.0 42.9
4145 130 196.7 6.7

100.0 .500 .0 30.0
.0 .000 302.7 10.3
100.0 .040 328.7 10.9
4145 130 196.7 6.7
5 .130 196.7 .0
387.3 .130 196.7 6.5
.0.000 0 0
4019 198 0 .0




HYDRAULIC = - TOTALP - s
OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVER RETENTION

RATE TIME CONC TIME RATIO COEF
M/YR YRS MG/M3 YRS - -
1.15 1.4833 196.7 .8876 1.1266 4016

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRI®ONS
COMPONENT: TOTAL N

----- LOADING ---- --- VARIA NCE --- CONC EXPORT
ID T LOCATION KG/YR %(l) KG/YR**2 %(l) CV MG/M3 KG/KM2
11 385035 1037.3 12.9 .000E+00 .0 .000 902.0 53.4
2 1 385036 1471.5 18.2 .000E+00 .0 .000 981.0 16.7
3 1385037 514.7 6.4 .000E+00 .0 .000 1079.0 36.0
41 385038 1203.8 14.9 .000E+00 .0 .000 926.0 143.0
5 4 385039 7844.0 97.2 .316E+07 85.6 .226 1712.7 58.5
PRECIPITATION 3840.0 47.6 .369E+07 100.0 .500 .0 1000.0
EXTERNAL INFLOW 4227.3 52.4 .000E+00 .0 .000 9549 325
**TOTAL INFLOW 8067.3 100.0 .369E+07 100.0 .238 1822.3 60.2
GAUGED OUTFLOW 7844.0 97.2 .316E+07 85.6 .226 1712.7 58.5
UNGAUGED OUTFLOW -262.0 -3.2 .352E+04 1 0.226 17127 .0
**TOTAL OUTFLOW 7581.9 94.0 .295E+07 80.0 .226 1712.7 56.5
**STORAGE INCREASE .0 .0 .000E+00 .0.000 0 0
**NET RETENTION 485.4 6.0 .104E+06 28 663 0 .0
HYDRAULIC = -------m-mm—- TOTALN - e

OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVER RETENTION

RATE TIME CONC TIME RATIO COEF

M/YR YRS MG/M3 YRS - -

1.15 1.4833 1712.7 1.3940 .7173 .0602

OUTPUT FORMAT: 6 OPTION: 1
CASE: 50% Internal 90% External

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS
USING THE FOLLOWING ERROR TERMS:

1 = OBSERVED WATER QUALITY ERROR ONLY

2 = ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET

3 = OBSERVED AND PREDICTED ERROR

SEGMENT: 1 deepest

OBSERVED ESTIMATED T STATISTICS
VARIABLE MEAN CV MEAN CV RAT o 1 2 3
TOTALP MG/M3 309.0 .00 196.7 .13 1. 57 .00 1.68 3.47
TOTALN MG/M3 2545.0 .00 1712.7 .23 1. 49 .00 1.80 1.75
C.NUTRIENT MG/M3 167.7 .00 108.6 .18 1. 54 .00 2.16 2.47
CHL-A MG/M3 40.3 .00 305 .29 1. 32 .00 .81 .95
SECCHI M 2 .00 3 .25 . 78 .00 -87 -.98
ORGANIC N MG/M3 181.0 .00 866.9 .26 . 21 .00 -6.27 -5.94

TP-ORTHO-P MG/M3 143.0 .00 549 .33 2. 61 .00 2.62 2.93




OUTPUT FORMAT: 7 OPTION: 1
CASE: 50% Internal 90% External

OBSERVED AND PREDICTED DIAGNOSTIC VARIABLES
RANKED AGAINST CE MODEL DEVELOPMENT DATA SET

SEGMENT: 1 deepest
----- VALUES ----- --- RANKS (%
VARIABLE OBSERVED ESTIMATED OBSERVED EST

TOTALP MG/M3 309.00 196.71 98.1
TOTALN MG/M3 2545.00 1712.65 92.7
C.NUTRIENT MG/M3 167.65 10858 97.3
CHL-A MG/M3 40.30 3048 97.1
SECCHI M 22 28 1.8
ORGANIC N MG/M3 181.00 866.91 3.0
TP-ORTHO-P MG/M3 143.00 54.89  95.0
ANTILOG PC-1  2034.08 2114.63 94.7
ANTILOG PC-2 373 511 150

(N - 150) / P 775 794 124
INORGANICN/P 1424 596 23.0
TURBIDITY 1/M .20 .20 10.3
ZMIX * TURBIDITY .34 .34 .2
ZMIX / SECCHI 7.77 609 799
CHL-A*SECCHI 887 855 421
CHL-A/TOTALP .13 .15 26.1
FREQ(CHL-a>10) % 97.37 93.16 .0
FREQ(CHL-a>20) % 79.39 6441 .0
FREQ(CHL-a>30) % 56.60 38.79 0
FREQ(CHL-a>40) % 38.28 2270 .0
CARLSONTSI-P  86.82 80.31 .0
CARLSON TSI-CHLA 66.86 64.12 .0
CARLSON TSI-SEC 81.82 7831 .0

) -
IMATED



Appendix B

FLUX Model Data

(Full Set Available on Request)



385035 Northeast trib VAR=nh3-4 METHOD= 6 REG-3

TABULATION OF MISSING DAILY FLOWS:

Flow File =5035_q.wk1 , Sta
Daily Flows from 990310 to 991030

Summary:

Reported Flows = 235
Missing Flows = 0
Zero Flows = 5
Positive Flows = 230

385035 Northeast trib VAR=nh3-4 ME

STRATIFICATION SCHEME:
-- DATE -- -- SEASON -- -------- FLOW --
STR >=MIN < MAX >=MIN < MAX >=MIN
1 0 0 0 O .00
2 0 0 0 o0 1.78

STR SAMPLES EVENTS FLOWS VOLUME %
1 25 25 198 17.29
2 8 8 37 8271

EXCLUDED O 0 0 .00
TOTAL 33 33 235 100.00

385035 Northeast trib VAR=nh3-4 ME
Comparison of Sampled & Total Flow Distributions
------ SAMPLED -----  ---—---- TOTAL ----

STRAT N MEAN STDDEV N MEAN STDD
1 25 63 .68 198 .37 .

2 8 16.62 1829 37 937 12
#»* 33 450 11.05 235 1.78 5.

Average Sample Interval = 6.6 Days, Date Range =
Maximum Sample Interval = 34 Days, Date Range =
Percent of Total Flow Volume Occuring In This Inte

Total Flow Volume on Sampled Days = 148.6 h
Total Flow Volume on All Days = 419.3 h
Percent of Total Flow Volume Sampled = 35.4%

Maximum Sampled Flow Rate = 42.16 hm3/yr
Maximum Total Flow Rate = 42.16 hm3/yr

Number of Days when Flow Exceeded Maximum Sampled

Percent of Total Flow Volume Occurring at Flow Rat
Maximum Sampled Flow Rate =  .0%

tion =cfs

THOD= 5 REG-2

THOD= 5 REG-2

EV DIFF TPROB(T)
57 .26 -1.82 .076
40 7.25 -1.07 .314
89 272 -1.39 .171

990313 to 991016
990911 to 991016
rval= .1%

m3
m3

Flow = 0 out of 235
es Exceeding the



385035 Northeast trib VAR=Nnh3-4 MET HOD= 5 REG-2
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 198 25 25 17.3 .366 .6 25 -.035 .717

2 37 8 8 827 9.374 16.6 22 189 .497

kx 235 33 33100.0 1.784 4.5 03

FLOW STATISTICS

FLOW DURATION = 235.0 DAYS = .643 YEARS
MEAN FLOW RATE = 1.784 HM3/YR

TOTAL FLOW VOLUME = 1.15 HM3

FLOW DATE RANGE =990310 TO 991030
SAMPLE DATE RANGE =990313 TO 991016

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 165.7 257.6  .1361 E+05 144.34 .453
2QWTDC 94.2 146.3  .3068 E+04 82.01 .379
31JC 94.1 146.3  .3358 E+04 81.99 .396
4 REG-1 86.8 134.9 .1821 E+04 75.61 .316
5 REG-2 90.0 139.8  .2027 E+04 78.37 .322

6 REG-3 86.7 134.8  .3449 E+04 7556 .436
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Powers Lake Section 319 Project Implementation Plan
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A.

Al

Project Management
Project/Task Organization

This Quality Assurance Project Plan (QAPP) dessrthe quality assurance (QA) and
guality control (QC) activities/procedures thatlveé used while collecting samples for
the Powers Lake Project Implementation Plan (PTRe purpose of this document is to
describe the methods and procedures that will bd tescollect physical, chemical, and
biological samples and measurements for Powers aad#ets tributaries in support of
the Powers Lake PIP and the quality assurance guoes that will be employed for
those methods and procedures.

The US Environmental Protection Agency (EPA) Reddras provided funding for this
project through the North Dakota Department of Heal(NDDoH) Section 319 Non-
Point Source (NPS) Pollution Management Progratme Hroject Officer for the US
EPA is Roger Dean.

Overall organization for the North Dakota Departindealth’s (NDDoH) Environmental
Health Section (EHS) is detailed in the Quality Mgement Plan (QMP) for the
Environmental Health Section (NDDoH, June 2600Jhe Environmental Health Section
is one of four sections in the Department. Witthi@ EHS there are five divisions,
including the Divisions of Air Quality, Municipaldgilities, Waste Management, Water
Quiality, and Chemistry. Martin Schock is the Qtyafissurance Coordinator (QAC) for
the EHS. The QAC is located in the EHS Chiefs @ffand reports directly to the Chief
of the EHS. The EHS Chief’s Office through the Q&Cesponsible for oversight of the
EHS’s quality system for QA and QC as delineatethenQMP for the EHS, including
approving project QAPPs. lItis the policy of thdEthat the primary responsibility for
QA resides among program staff and Designated &rbjanagers (DPMSs) in each
division, therefore each program is responsibleterpreparation, implementation, and
assessment of its QAPP(s).

Within the EHS, the Division of Water Quality isgamized in three programs, the North
Dakota Permit Discharge Elimination System (NDPDB&)gram, the Groundwater
Program, and the Surface Water Quality Managemegr&m (SWQMP). The Powers
Lake PIP is the responsibility of the SWQMP. Thegamization structure for the Powers
Lake PIP is outlined in Figure 1.

1_. . . .
This QAPP was prepared according to the EPA Quislapual for Environmental Programs (EPA, May 2080) the EPA
document entitled EPA Requirements for Quality Agaae Project Plans (QA/R-5) (EPA, March, 2001).
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Michael J. Ell is Program Manager for the SWQMP .Pkegram Manager in the
SWQMP he has the following responsibilities:

review and edit the QAPP;

providing oversight for study design, site selattiand adherence to design
objectives;

reviewing and approving the final project work pkamd other materials to
support the project (e.g., standard operating phoes);

selecting appropriate project subcontractors, ased and

coordinating with contractors, reviewers, and U\E®ensure technical quality
and contract adherence.

Heather Duchscherer is an Environmental Scientist the SWQMP and is the
Designated Project Manager (DPM) for the Powerslakplementation Project. As
such, she is responsible for overall project comtion and supervision, including the
reduction and analysis of project data and thegregon of the final report.

For purposes of this project, funding for the pcbjenplementation has been contracted
to the Mountrail County Soil Conservation Dist&tCD). Kenny MacDonald, the
Watershed Coordinator for the Powers Lake Impleatent Project and the Principle
Investigator (P1) for assessment, will be respdeditr day-to-day project oversight, data
collection, and sample custody. Decision making gewnkeral project oversite falls under
the jurisdiction of the Powers Lake Watershed AdyBoard. The SWQMP and the
Kenny MacDonald will be responsible for data intetption and report preparation.

A2.Problem Definition / Background

Powers Lake borders the southern edge of the coitymafrfPowers Lake in
northwestern North Dakota (Appendix A). The laleslon an unnamed tributary of the
White Earth River, a tributary to Missouri Riveathdischarges to Lake Sakakawea.
Powers Lake watershed is 69.5 nfilé#4,458 acres) of nearly 100 percent agricultaral
low density rural development. Powers Lake has ydvieeen recognized as a high
priority natural resource by the surrounding comityuand particularly to the city of
Powers Lake.

Powers Lake is a natural glacial lake formed dutireglate Wisconsin Era ice age. It is
shallow and wind swept with a maximum depth of eegyhalf feet and a surface area of
1,616 acres at an elevation of 2190 M.S.L. Curyehis managed by the North Dakota
Game and Fish Department (NDG&F) as a warm waskefiy with yellow perch and
northern pike being the principle game species.

In recent history, Powers Lake has experiencediassef partial summer and winter fish
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AS.

die offs related to drought and increased eutragtiun. The effects of eutrophication
have progressed to the point that the lake expsggea near continuous algal bloom from
late June to early September.

In 1999 the City of Powers Lake approached the iNDekota Department of Health
(NDDH) for help in addressing the declining wateafity condition of Powers Lake.

The results of the discussions was to implemeaka &nd watershed assessment project
with the goal of identifying the affects of storadd contributing pollutants on Powers
Lake trophic condition and to the extent possibigources of pollutants within the
surrounding watershed.

The project was initially scheduled to begin durihg winter of 1999-2000 and continue
through the open water period of 2000. Howeverroaight that began in the winter
1999-2000 and continued through the summer of 208@nted open water data
collection from the contributing watershed. Thiscted the project to be extended
through the open water period of 2001.

In 2004, the Powers Lake Watershed was awardedta8819 grant from the NDDoH
to reduce nonpoint source pollution in the watedshe 2005, the Powers Lake
Watershed Committee was able to hire a Watershedd@ator to administer the
Section 319 grant it received for implementatiorcafservation practices to improve the
water quality.

Project Monitoring Goals/Objectives/Tasks Degption

The primary monitoring goal of this project is teasure and document the effectiveness
of installed Best Management Practices (BMP) anlrtieal assistance at reducing the
pollutant levels to the targets stated in the Pevake PIP and restoring impaired water
quality and beneficial uses within the Powers Lalgershed. The beneficial uses of
primary concern and focus for this watershed pt@ee aquatic life and recreation uses.

The Powers Lake Project Implementation Plan (R#3)been written as a five year
project (2005-2009). The following objectives aagks are intended to achieve the
monitoring goal of the project.

Objective 1: Collect and analyze chemical, physaca biological data to calculate
TSI scores for the purpose of measuring the effentiss of installed BMPs in the project
area at improving water quality and restoring imgéibeneficial uses.

Task 1. (2006 Sampling Season):  Collect and apdlyzto 15 water quality
samples (May — March) from the lake sampling 3Nater quality samples will
be analyzed for total nitrogen, total kjeldahl ogen, nitrate-nitrite, ammonia,

total phosphorus, total dissolved phosphorus, tatapended sediment, and
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chlorophyll-a. Also, measurements of the tempeeasund dissolved oxygen
profiles, as well as Secchi disk readings and pHbeitaken.

Product:Water quality data for lake sampling site to clltai TSI scores.
Milestone:May 2006-March 2007

Task 2. (2007 Sampling Season): Collect and apdlgzto 18 water quality
samples (April — October) from the lake samplirtg.siVater quality samples will
be analyzed for total nitrogen, total kjeldahl ogen, nitrate-nitrite, ammonia,
total phosphorus, total suspended sediment, amdagtiyll-a. Also,
measurements of the temperature and dissolved oxywdiles, as well as Secchi
disk readings and pH will be taken.

Poduct:Water quality data for lake sampling site to cltai TSI scores
Milestone:April 2007 — October 2007

Task 3 (2007 Sampling Season): Collect daily stretage data and a minimum
of three discharge measurements from each of élexted sampling sites
(Appendix A). The three discharge measuremeniseitollected from
approximately different flow magnitudes (i.e. lowopderate, and high) and will
be used to adjust and improve the rating curvethisampling sites.
Product:Daily stream stage/ discharge from the selected.si

Milestone:April 2007 — October 2007.

Task 4 (2007 Sampling Season) Collect and analze 20 water quality
samples annually from each sampling site. Watelitgisamples will be analyzed
for total nitrogen, total kjeldahl nitrogen, niteanitrite, ammonia, total
phosphorus, total suspended sediment, and fed@roolbacteria.
Product:Water quality data for each sampling site

Milestone:October 2005-2009

Task 5: Review data collected previous year aneraene changes needed in
water quality (lake and tributaries) schedule. Ach@APP accordingly.

Product:Data review and amended QAPP if needed.
Milestone:January 2007- January 2009

Task 6: Document type, acreage, and locationain@d and installed BMPs
to assess progress and target areas for annualastivkies. Monitor operation
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and maintenance of Section 319 cost-share practicGascordance with ND NPS
Management Plan. This includes establishment ofgppoints.

Product:Database report of location and acres of plannddébainstalled BMPs.
A BMP installation report should be provided to N&#Don an annual basis.

Milestone:May 2005 — October 2009

Task 7: Collect, identify, and analyze the benthaxcroinvertebrate invertebrate
assemblage from the selected sampling sites a mimiof once in late July
during the lasyear of the project (2009). The identificationtio¢
macroinvertebrates will be contracted out to DrdAnDelorme of Valley City
State University. NDDoH personnel with the assiséof the principle
investigator and/or field investigator will collectacroinvertebrate samples and
calculate Index of Biotic Integrity (IBI) scores amder to assess aquatic life uses
for each sample site and event. In addition, NDperkonnel will analyze any
historical macroinvertebrate data available forahes.

Product:Macroinvertebrate 1Bl scores for each sample site
Milestone:February 2010

Task 8: Conduct a riparian assessment using thealBwf Land Management
(BLM) “Process for Assessing Proper Functioning d@itan”. The assessment
will be performed cooperatively between the NRC8 tre SCD as their
workloads permit. The riparian assessment condunt2001 will be compared
to the 2009 assessment to determine if there hes doeimprovement or decline
in the riparian area.

Product:Riparian assessment data and report for the Pdw&eswatershed in
Mountrail and Burke Counties.

Milestone:October 2009
Task 9: Compile chemical, physical, and biologstaéam data in preparation of
semi-annual, annual and final reports summarizimggicts of the implementation

of BMPs on water quality.

Product:Annual data summaries and a final report analy#iegchemical,
physical and biological stream data of Powers Lake.

Milestone:Data Summaries - October 2005-2009, Final Repdidrch 2010
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A4.

A4.1

A4.2

Data Quality Objectives and Criteria for Measurement Data
Data Quality Objectives

It is the policy of the US EPA and the Departme#fif4S that data quality

Objectives (DQOs) be developed for all environmietiédia collection activities. Data of
known gquality are essential to the success of amyitoring or sampling project. Data
guality objectives are qualitative and quantitast@ements that clarify the intended use
of the data, define the type of data needed tomupipe decision, identify the conditions
under which the data should be collected, and §ptxerable limits on the probability

of making a decision error due to uncertainty mdata. DQOs are developed by data
users to specify the data quality needed to sumgpetific decisions. Sources of error or
uncertainty include the following:

Sampling error: The difference between sample sadulin situtrue values
from unknown biases due to collection methods amading design;

Measurement error: The difference between sampleesandn situtrue
values associated with the measurement process;

Natural variation: Natural spatial heterogeneitg &amporal variability in
population abundance and distribution; and

Error sources or biases associated with composgmgpling handling,
storage, and preservation.

The primary data quality objective of this projecto determine, through the collection
of chemical, physical and biological data, the effeeness of BMPs installed at reducing
the pollutant levels to the targets set in the Reweake PIP and restoring the impaired
water quality and beneficial uses of Powers Lakiethods and procedures described in
this document are intended to reduce the magnuéittee sources of uncertainty (and
their frequency of occurrence) by applying thedwling approaches:

use of standardized sample collection, handlind,aralysis procedures; and

use of trained scientists and technicians to perfile sample collection and
handling activities.

Measurement Performance Criteria

In order to meet the DQO for the project, the typledata needed for this project and
their intended use are described in Table 1. eBoh of these data, a discussion of the
measurement performance criteria or data qualdicators is provided. Data quality
indicators include the following:
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precision;
accuracy,
representativeness;
completeness; and
comparability.

This QAPP does not address measurement perforncateea for the laboratory
analysis of chemical samples. Measurement perfaceaniteria for all lab analysis
are described in the NDDoH, Division of Chemistuality Assurance Plan (NDDH

2000).

Table 1. Project data needs and intended use.

Data Needed

Intended Use

Stream Chemical Characteristics:

Characterize temporal and spatial trends of

(e.g. nutrients, total suspended solidshhe nutrient and total suspended solids

Stream pathogen characteristics
(e.g. fecal coliform)

Stream Stage/Discharge:
(e.g. water level, flows)

Benthic Macroinvertebrate
Assemblage
(e.g. Index of Biotic Integrity).

Riparian Assessment Data: (e.qg.
channel condition, riparian zone,
hydrologic alteration, in-stream
habitat)

concentrations in Powers Lake and its

tributaries. Combine daily discharge data
with concentration to provide estimates of
nutrient and sediment loading and vyields.

Characterize temporal and spatial variations
in stream water quality, based on fecal
coliform bacteria, and assess recreational use
impairment.

Adjust and improve the stage-discharge rating
curve developed for the selected sampling
sites and estimate the daily discharge based
on stream stage.

Characterize temporal and spatial trends in
the macroinvertebrate Index of Biotic
Integrity (IBI) scores for the Powers Lake and
its tributaries.

Characterize and assess on a basic level the
ecological condition of Powers Lake in 2009
to compare results from the 2001 assessment.

Precisionis a measure of mutual agreement among indivicheglsurements or
enumerated values of the same property of a sanmgl@)ly under demonstrated similar
conditions. Precision is best measured in terntkestandard deviation. For purposes
of this project, precision of biological sampleslamemical analysis will be calculated
from replicate samples and expressed as relatieepedifference (RPD), if it is
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calculated from duplicate samples, or as relatimedard deviation (RSD), if it is to be
calculated from three or more samples. Table 2igesva summary of the precision
requirements for data collected for this project.

Accuracy is the degree of agreement between an observeéasured value and the
true or expected value of the measured qualitynyMands of error, including
unintentional bias affect the inherent accuracgiath. Unfortunately, the investigator
almost never knows true population values. Thesgsecially true when working with
natural biological communities. Therefore, thetlasinvestigator can do is to avoid
bias by assuring consistency of sampling and saprpleessing and striving for
repeatability of measurements. Table 2 providesnamary of the accuracy
requirements for data collected for this project.

Representativenesgxpresses the degree to which data accuratelyractely

represent a characteristic of a population, parameariation at a sampling point,
process condition or an environmental conditiore fE@presentativeness of the project
relies in part, on the selection of sample sitestae collection of a significant number of
samples.

Completenesss defined as the percentage of measurements tinaidare judged to be
valid according to specific criteria and enterei itihe data management system. To
optimize completeness, every effort is made todgample and/or data loss. Accidents
during sample transport or lab activities that eaiine loss of the original samples will
result in irreparable loss of data, which will redithe ability to perform analysis,
integrate results, and prepare reports. In oaeraximize completeness, all samples
will be stored and transported in unbreakable {asontainers.

Percent completeness (%C) for measurement paravatdrsamples is defined as:
%C = VT x 100

Where v = the number of measurements or samplegg¢ldalid; and
T = the total number of measurementsanfiples collected.

In order to fulfill statistical criteria, sampleslibe collected at 100% of the sites unless
unanticipated conditions (i.e. bad weather) pregantpling. Table 2 provides a
summary of the completeness requirements for ddkacted for this project.

Comparability is a measure of the confidence with which one dataan be compared
to another. Comparability is dependent on the @ralesign of the sampling program
and on strict adherence to accepted sampling tgabsj standard operating procedures,
and quality assurance guidelines. For this prommnparability of data will be
accomplished by standardizing the sampling sedkergeographic extent of the project,
the field sampling methods and the field trainisgalows:



QAPP for the Powers Lake Watershed April 2006
Project Implementation Plan Page 10

All samples will be collected from specific streaites located within the
Powers Lake watershed (Appendix A). The projeatydang period will be
between May 2006 and June 20009.

Standard sampling and analytical methods, as weltandard units of
reporting for all parameters sampled will be us&ppendices B-G).

All field personnel involved with sampling will hevadequate training and
experience.

Table 2. Summary of precision, accuracy, and comeleness requirements for
measurement data.

Precisio Percent
Measurement Parameter n Accuracy Compl
n pleteness

Stream Water Chemistry & Pathogens. 20 % NA 95 %
Stream Stage/Discharge +-5% 0.1ft/0.1cfs 99 %
Benthic Macroinvertebrate Assemblage

# of individuals 25% NA 100%

# of taxa 10% NA 100%
Riparian Assessment NA NA 100%

A5. Special Training/Certification

The Principal Investigator (PI) will be responsibde all field data collection including
water quality, riparian assessment, and streane&tasgharge. NDDoH personnel with
the assistance of the project field staff will eall and transfer the macroinvertebrate
samples. The field sampling crew is required teehthe necessary knowledge and
experience to perform all field activities. Traigiin the proper methods for sample
collection, preservation, and the transfer of wateemistry will be provided by Heather
Duchscherer, Designated Project Manager (DPM). DMshscherer will also be
responsible for assisting the Pl with the installabf stream stage recording equipment
as well as providing training in its operation dhd measurement of stream discharge.

A6.Documents and Records

Thorough documentation of all field sampling anddiang activities is necessary for
proper processing in the laboratory, data redudimh ultimately, for the interpretation
of study results. Field sample collection and higdWill be documented in writing (the
following forms and labels will be used):

a set of Sample Identification/Custody Record fotha accompanies each
water chemistry or sediment samples submittededifiision of Chemistry
laboratory for analysis (Appendix B);
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B1.

B1.1

B1.2

a Sample Identification Label that accompaniesidaditifies all water
samples (Appendix B);

a Stream Discharge Recording form to calculatemaneous stream
discharge (Appendix C)

Each sample collected will be uniquely identifiedtbe sample label and field custody
forms by specifying the site ID and location; saengépth; and sample date and time.

Data Generation and Acquisition

Sampling Process Design

Monitoring Goal

The primary monitoring goal of this project is teasure and document the effectiveness
of installed BMPs and technical assistance at liedube pollutant levels to the targets
stated in the Powers Lake PIP and restoring thaimeg water quality and beneficial

uses within Powers Lake. This goal will be accasiy@d by:

1) Collecting and analyzing chemical, physical, analdgical data at selected sites
on Powers Lake and its tributaries;

2) Documenting acreage, location, and type of insdldi®iPs in the watershed; and

3) Compiling, analyzing, and integrating the chemigpalysical, biological, and
BMP installation data in order to characterizetdmaporal and spatial trends in
water quality as a variety of BMPs are installeéravme throughout the
watershed.

Water Quality Sampling Locations
There is one lake site located at the deepesbp&dwers Lake. There are four stream

sites representing each of the subwatersheds,rendteeam site at the lake outlet. These
are identified in Table 3 and Figure 2 below.
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Table 3. Water Quality Sampling Locations

STORET | Latitude (approx.) | Longitude (approx.)
Sampling Site
Site ID

Northeast Tributary 385035 28l 33’ 18” -102 W 37’ 30"
Lunds Valley Tributary 385036 49! 31’ 18” -102 W 34’ 53"
West Tributary 385037 AN 327 -102W 39' 77
South Tributary 385038 48\ 29’ 19” -102 W 36’ 8”
Lake Outlet 385039 48'N 33 25" -102W 39" 16°

In Lake 380870 48 N 32' 17" -102 W 36’ 36"
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Figure 2. Location of Water Quality Sampling Siteswithin Powers Lake Watershed.
B1.3 Sampling Frequency

Lake Water Quality Sampling

One lake sampling site will be sampled throughbatdpen water season of 2006
(approx. May - October), for nutrients, total seisped solids, chlorophyll-a, TSS,
temperature, dissolved oxygen, pH, and Secchidbgith. Sampling will take place
twice a month. Additional samples will be taken @acmonth after ice is formed, as
safety permits. Lake sampling will continue in tfashion, starting during the open water
season (approx. March — April) until the projeatsl®in 2009, as the data warrants.

Stream Water Quality Sampling

Five stream sites will be sampled a minimum ofiB&s each during the open water
season in 2007, continuing through 2009 if dataavas. Sampling frequency for the
stream sampling sites will be stratified to coircigith the typical hydrograph for the
region. This sampling design will result in moreduent sampling during the spring and
early summer, typically when stream discharge éapst, and less frequent sampling
during the summer and fall. Sampling will be dismomed during the winter ice cover.
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Sampling will also be terminated if the stream stbpwing. If the stream should begin
flowing again, water quality sampling will be reiated. An additional 3 samples will
also be collected from each site that are relatedidrm events. A storm event is defined
as a precipitation event (either form direct rdinda snow melt) large enough to cause a
0.2-foot increase in stream stage. Table 4 prevadsummary of the stream sampling
frequency.

Table 4. Sampling Frequency for Stream Water Qualif Monitoring.

Sampling Period Date Frequency

1% and 29 month April — May, 2005 twice per week

39 month June, 2005 once per week
4" —g" month July- November once per month

Note: This schedule is to be used only as a guidectual sampling dates may and probably will differ
quite dramatically due to climatic and ice conditimns. UnderNO conditions will the safety of the
sampler be compromised!

During each stream sampling trip, field measuresiehtemperature, pH, and dissolved
oxygen will be taken. The measurements will betalielow the water’s surface, in the
center of the stream. Stream discharge will alsmbasured every time that the stream
chemistry is sampled at the sites. Stream stadd®ineasured using an automated stage
recorder with a standard manual stage gage askafnac

Benthic Macroinvertebrate Community

The macroinvertebrate community will be sampledeancSeptember 2005.

Note: The sampling schedule is primarily a guide ashthe dates may differ
under actual conditions. However, the scheduled iarvals between samples
should be maintained unless dangerous or no-flow nditions prevent it.
Under NO conditions will the safety of the sampler be commmised!

B2.Sampling Methods

Table 5 provides a summary of project sampling washDetailed descriptions of all
field-sampling methods are described in Appendi&ésrough K.
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Table 5. Summary of project sampling methods

Max Sample

Matrix/ Sampling Holding Sample Preservation
Substrate Parameter Equipment Time  Container and Care
Lake Water Chemistry 1 2 2 2
Stream Water Chemistry 3 2 2 2
Stream Water Pathogens 3 2 2 2
Stream Water Discharge 4 NA NA NA
Stream Water Stage 4 NA NA NA
Stream Macro- 5 NA 5 5
Substrate invertebrates

1 - See Appendix B, C, and H 4 - See Appendicasd-G

2 - See Appendix | 5 - See Appendix J and K

3 - See Appendices D and E
B3.Sample Handling and Custody Requirements

Analysis of all water quality samples collectednfranonitoring sites will be performed
by the NDDoH, Division of Chemistry. Immediatelftex collection, water chemistry
samples and sample custody reports will be sentatglto the Division of Chemistry
laboratory in Bismarck, ND at the following address

N.D. Department of Health
Division of Chemistry

26355 East Main------------ UPS
Bismarck, ND 58502-0937

Analysis of all fecal coliform bacteria samplesleoted from monitoring sites will be
performed by the NDDoH, Division of Microbiologymmediately after collection, fecal
coliform bacteria samples and sample custody repatt be sent overnight delivery to
the Division of Microbiology in Bismarck, ND at thellowing address:

N.D. Department of Health
Division of Microbiology

2635 East Main-------------- UPS
Bismarck, ND 58502-0937

Samples must be collected and sent on Mondays, Tdaygs or Wednesdays to insure
proper delivery is made.

All macroinvertebrate samples will be hand delideoe express mailed to Dr. Andre
Delorme of Valley City State University for storaged identification.
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B6.

B4. Analytical Methods Requirements

All water samples will be analyzed according to moels and procedures described in the
NDDoH Division of Chemistry’s Quality Assurance RI&NDDoH, 2000). The
macroinvertebrate samples will be processed aaoptdithe NDDoH Division of Water
Quality’s Standard Operating Procedures for LalmoyaProcessing of Macroinvertebrate
Samples (Appendix K).

B5. Quality Control

For this project, a single person will take the onidy of the measurements and samples
(i.e. water samples, discharge, stage, etc.) ifiekce Equipment used for field
measurement will be calibrated according to marnufacspecifications immediately
before and after each sampling trip. Furthermioe&l duplicate samples will be
collected with ten percent of the stream samplésaed for chemical analysis.

Quiality control will be assured for macroinvertabraamples by maintaining a
macroinvertebrate voucher collection for all tagantified in the laboratory, sub-
sampling replicate field samples, performing regakcsub-samples on ten percent of field
samples, and removing and identifying all organismos ten percent of the field
samples (Appendix F). Voucher collections willdaaloged and placed in the North
Dakota River and Stream Macroinvertebrate Colleckicated at Valley City

State University by Dr. Andre DeLorme, Ph.D.

Instrument/Equipment Testing, Inspection and Mantenance

All field equipment will be inspected prior to salimg activities to ensure that proper use
requirements are met (e.g., water samplers arewutilefects, current meter functioning
properly). Inspection of field equipment will oeda advance of field activities to allow
time for replacement or repair of defective equiptnelhe Field Investigator should
gather and inspect all equipment prior to each samgip. All field equipment will be
maintained according to manufacture’s specification

B7.Instrument Calibration and Frequency

B8.

As part of instrument and equipment maintenaneestieam stage automated recorder
and discharge meters will be calibrated accordinipé manufacturer’s specifications.

Inspection/Acceptance of Supplies and Consumads

Careful and thorough planning is necessary to enther efficient completion of the field
sample collection tasks. A general checklist elidfiequipment and supplies is provided
in the description of the SOPs (Appendices B-K)is the responsibility of the Field
Investigator to gather and inspect the necessanpleag gear prior to each sampling trip.
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B9.

B10.

C1.

Data Acquisition Requirements (Non-direct Meastements)

Non-direct measurements will include identificatenmd/or verification of each sample
location (i.e., latitude and longitude). The latiéuand longitude coordinates, in decimal
degrees, will be recorded. A hard copy table ofitisation of each sampling site and a
map depicting each location will be provided by B#éM to the Principle Investigator.

Data Management

Samples will be documented and tracked through Eaimentification labels, field and
laboratory recording forms and sample identificatooistody forms. Water samples
collected for chemical analysis will be transportedgent to the Division of Chemistry
laboratory in Bismarck, ND by field personnel.

Results of chemical analysis of water samplesraresmitted from the Division of
Chemistry to the SWQMP Program Manager via harg ceport and electronically as
an ASCII text file. Results transmitted electradiig are stored by the Division of Water
Quality’s SWQMP in an Access 2000 based data managesystem, termed Sample
Identification Database (SID). After review by tB&/QMP Program Manager, sample
results will be retained by the DPM for data redutand analysis.

Dr. Andre Delorme of Valley City State Universityllprocess the macroinvertebrate
samples. Laboratory processing will entail idecaifion to lowest taxonomic level
practical (Genus level preferred) and the enunmraif all macroinvertebrates in each
sample by taxon. Results from each sample witelserded on a lab data sheet and
entered by Dr. Delorme into the Ecological Data Wggtion System (EDAS), a
Microsoft Access 2000 database provide by SWQMPortompletion of the

laboratory analysis of the macroinvertebrate sammlepies of the field and lab
recording forms and database will be transmittetthéoDPM where the hard copy results
will be kept on file by the Division of Water's SWW{P.

Assessment and Oversight
Assessment and Response Actions

Assessment activities and corrective actions haem lidentified to ensure that sample
collection activities are conducted as prescribadithat the measurement quality
objectives and data quality objectives establighethis QAPP are met. The QA
program under which this project will operate ird#g performance and system audits
with independent checks of the data obtained frampding activities. Either type of
audit could indicate the need for corrective actibme essential steps in the program are
as follows:

identify and define the problem;

assign responsibility for investigating the probjem
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investigate and determine the cause of the problem;

assign and accept responsibility for implementipgrapriate corrective
action;

establish effectiveness of and implement the caweaction; and
verify that the corrective action has eliminated pmoblem.

Immediate corrective actions form the part of ndraoperating procedures and are noted
on project field and laboratory recording forms avilll be the responsibility of the PI.
Problems not solved this way may require more fdimad long-term corrective action.

In the event that quality problems requiring atiem@re identified, the DPM will
determine whether attainment of acceptable dathtyuaquires either short- or long-

term actions. Failures in the chemical analyssiesy (e.g., performance requirements
are not met) and corrective actions for those fegare beyond the scope of this QAPP.

Communication and oversight will proceed from thécRthe DPM. The DPM will be
available throughout the entire sampling periodddress questions and receive
communications of sampling status from the fieldspanel. The PI will communicate
the status of the sampling activities to the DPMaameekly basis. During this time the
P1 will communicate any sampling difficulties encdered during the sampling and the
corrective actions taken. In most cases the Rlimiiate corrective actions when a
problem is immediately identified and note the peaiband corrective action in his
logbook. In the event the problem cannot be coeceonmediately, the Pl will contact
the DPM to determine the best way to rectify thebpem and obtain accurate and
useable data. When corrective actions have b&en &nd a sufficient time period has
elapsed that allows a response, the responseewibimpared with project goals by the
DPM. The DPM will verify that the corrective aatilhas been appropriately addressed
to eliminate the problem. The DPM has the autiiaatstop work on the project if
problems affecting data quality are identified thdt require extensive effort to resolve.
When the PI contacts the DPM with a problem, theviRlImake a record of the problem
and the corrective action taken.

Performance audits are qualitative checks on @iffesegments of project activities, and
are most appropriate for field sampling and labmsaanalysis activities. A field audit of
field sampling activities will be conducted at leasce during the project. This audit will
be conducted early during the project field seasarase any problems are identified
they can be corrected quickly to minimize the paiisy of compromising data. Field
audit techniques include checks on sampling equipraied the review of sampling
methods.

System audits are qualitative reviews of projetitvdg to check that overall project
quality is functioning and that the appropriate @€asures identified in the QAPP are
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C2.

D1.

D2.

D3.

being implemented. The DPM will conduct semi-armoizrnal system audits during
the project and report all deficiencies to the SWR)Rfogram Manager and the EPA
Project Officer during semi-annual reporting.

Reports to Management

Problems and corrective actions identified by theiR be reported to the DPM each
week during the field season. Significant probledestified by the field personnel as
well as problems and corrective actions identibgdhe DPM during the field audit will
be reported to the SWQMP Program Manager and theRtBject Officer as part of
annual reports.

Data Validation and Usability
Data Review, Validation, and Verification Requiements

Data review and validation services provide a metioo determining the usability and
limitations of data, and provide a standardizec dafality assessment. The Pl and the
DPM will review all field and laboratory report fois, while all sample custody forms for
chemical analysis will be reviewed by the DPM fompleteness and correctness. The Pl
will be responsible for reviewing all data entraasd transmittals for completeness and
adherence to QA requirements. Data quality wilabsessed by comparing entered data
to original data or by comparing results with theasurement performance criteria
summarized in Section A4.2 to determine whethexctept, reject, or qualify the data.
Results of the review and validation processeshelteported to the DPM.

Verification and Validation Methods

The PI will review all field and laboratory recdimms. The DPM will review a
minimum of five percent of field and laboratory oed forms and all of the sample
custody forms for chemical analysis. Any discreges in the records will be reconciled
with the field personnel and recorded in the lodboo

Analytical validation and verification methods angtside the scope of the QAPP. The
submission of samples to the Division of Chemitdboratory will include a Sample
Identification/Custody Record sheet documentingsiteelocation, sampling date and
time. The Division of Chemistry laboratory to erstinat holding times have not been
exceeded will check this information. The laborateill report violations of holding
times to the DPM. The DPM, in consultation with Bien of Chemistry personnel, will
determine whether or not to proceed with the amalysthat sample and/or analyte.

Reconciliation with Data Quality Objectives

As soon as possible after each sampling eventeoanthlysis of each sample, calculations
and determinations for precision, completenessaandracy will be made by the Pl and
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compared to the criteria discussed in Section Ads Will represent the final
determination of whether the data collected armlefcorrect type, quantity, and quality
to support their intended use for this project.yAnoblems in meeting the performance
criteria (or uncertainties and limitations in theewf the data) will be discussed with the
Principle Investigator and the DPM, and will beaeciled, if possible.
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Water Quality Sampling
Site Locations for the Powers Lake Watershed
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Appendix D

County Occurrence of Endangered, Threatened, and CQalidate Species and
Designated Critical Habitat in North Dakota



County Occurrence of Endangered, Threatened and Catidate Species and Designated Critical Habitat in birth Dakota (March 2006)
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EPA REGION VIIl TMDL REVIEW FORM

Document Name: Powers Lake Nutrient and Dissolved xygen TMDLs
Submitted by: Mike EIll, NDDoH

Date Received: August 25, 2008

Review Date: September 3, 2008

Reviewer: Vern Berry, EPA

Formal or Informal Review? Informal - Public Notice

This document provides a standard format for EP4iéte8 to provide comments to the North Dakota Dipeant
of Health (NDDoH) on TMDL documents provided to tBEA for either official formal or informal reviewAll
TMDL documents are measured against the followihgeliiew criteria:

Water Quality Impairment Status
Water Quality Standards

Water Quality Targets
Significant Sources

Technical Analysis

Margin of Safety and Seasonality
Total Maximum Daily Load
Allocation

. Public Participation

10. Monitoring Strategy

11. Restoration Strategy

CoNorwWNE

Each of the 11 review criteria are described betmprovide the rational for the review, followed BPA’s
comments. This review is intended to ensure campé with the Clean Water Act and also to ensiatthie
reviewed documents are technically sound and thelgsions are technically defensible.



1. Water Quality Impairment Status

Criterion Description — Water Quality Impairment St atus

TMDL documents must include a description of thiedl water quality impairmentd/Vhile the 303(d) list
identifies probable causes and sources of watelitguiepairments, the information contained in the
303(d) list is generally not sufficiently detailexprovide the reader with an adequate understagain
the impairments. TMDL documents should includeoadugh description/summary of all available water
guality data such that the water quality impairnseate clearly defined and linked to the impaired
beneficial uses and/or appropriate water qualitgrstards

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or comment¥iged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

LD

Powers Lake is located near the town of Powere lialBurke and Mountrail Counties, North
Dakota. Itis a 1,616 acre natural lake in thethlenn Missouri Coteau region of North Dakota (HUT110101).
Four small, unnamed tributaries drain into the lakéthough Powers Lake is within the Missouri Riv&sin,
most of the drainage in the county is internalw@ws Lake is listed on the State’s 2008 303(d)lsstully
supporting but threatened for fish and other aquatita uses by nutrient/eutrophication biologiodicators,
dissolved oxygen and sedimentation/siltation, aflily supported but threatened for recreatiosaisuby
nutrient/eutrophication biological indicators (ND4110101-001-L_00). Approximately 44,458 acresaofl drain
to the lake from the watershed. Powers Lake issdfiad as a Class 3 warm water fishery, andtsdigas a high
priority (i.e., 1A) for TMDL development. The maijty of the land use in this watershed is cropland
(approximately 66 percent), and pasturelands aplduhds (approximately 23 percent).

2. Water Quality Standards

Criterion Description — Water Quality Standards

The TMDL document must include a description ofpilicable water quality standards for all affedte
jurisdictions TMDLs result in maintaining and attaining water djtiastandards. Water quality
standards are the basis from which TMDLs are eghbtl and the TMDL targets are derivatluding
the numeric, narrative, use classification, andidegradation components of the standards.

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or commentwiged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

LI000

Powers Lake is listed as impaired for nutrients@ahication, dissolved oxygen and
sedimentation/siltation.. The North Dakota Depaitibof Health has set narrative water quality statsl that
apply to all surface waters of the state. The NBDarrative standards that apply to nutrients idelu

“All waters of the state shall be free from subses attributable to municipal, industrial, or other
discharges or agricultural practices in concentaats or combinations which are toxic or harmful to
humans, animals, plants, or resident aquatic bio{&ee NDAC 33-16-02-08.1.a.(4))



“No discharge of pollutants, which alone or in camdtion with other substances, shall:

1. Cause a public health hazard or injury to enuimeental resources;

2. Impair existing or reasonable beneficial usethefreceiving waters; or

3. Directly or indirectly cause concentrations @fllptants to exceed applicable standards of thergng
waters.” (See NDAC 33-16-02-08.1.e.)

In addition to the narrative standards, the NDDH $et a biological goal for all surface watershef state:
“The biological condition of surface waters sha#l bimilar to that of sites or waterbodies deterrdibg
the department to be regional reference sites.&(8®AC 33-16-02-08.2.a.)

Currently, North Dakota does not have a numeriedaed for nutrients, however nutrient guidelineslékes have
been established. The nutrient guidelines for lakesNO3 as N = 0.25 mg/L; PO4 as P = 0.02 mg/L.

The numeric standard for dissolved oxygen &0&mg/L (single sample minimum).
Other applicable water quality standards are ireuoin pages 14 - 15 of the TMDL report.

3. Water Quality Targets

Criterion Description — Water Quality Targets

Quantified targets or endpoints must be providedddress each listed pollutant/water body combaorati
Target values must represent achievement of agpéoaater quality standards and support of ass@clat
beneficial uses. For pollutants with numeric wajenlity standards, the numeric criteria are gerigra
used as the TMDL target. For pollutants with naiva standards, the narrative standard must be
translated into a measurable value. At a minimang target is required for each pollutant/water fpod
combination. It is generally desirable, howeverirtclude several targets that represent achievérmen
the standard and support of beneficial uses (é0ga sediment impairment issue it may be apprdpria
include targets representing water column sedinsenh as TSS, embeddeness, stream morphology, Up-
slope conditions and a measure of biota).

[] Satisfies Criterion

[] Satisfies Criterion. Questions or comments pravidelow should be considered.

X Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.

[] Criterion not satisfied. Questions or comment¥iged below need to be addressed.

[] Not a required element in this case. Commentgiestions provided for informational purposes.

The main water quality target for this TMDL is bdson interpretation of narrative
provisions found in State water quality standartisNorth Dakota, algal blooms can limit contactian
immersion recreation beneficial uses. Also aldgabims can deplete oxygen levels which can affect
aguatic life uses. Several algal species are derei to be nuisance aquatic species. TSI measatem
can be used to estimate how much algal productiyaacur in lakes. Therefore, TSl is used as a
measure of the narrative standard in order to oeter whether beneficial uses are being met.

The mean chlorophyl TSI for Powers Lake during the period of the assent was 72.37. Nutrient
reduction response modeling was conducted with BAUB, an Army Corps of Engineers
eutrophication response model. The results of tbdeaiing show that a 50% reduction in internal logdi
plus a 75% reduction in external phosphorous Iaatbrthe lake will achieve a ChRITSI of 55.02,
which corresponds to a phosphorous concentrati@0dfl mg/L. This target is based on best
professional judgement and will fully support iesnieficial uses.



The water quality targets used in this TMDL araintain a mean annual chlorophylla TSI at or
below 55.02; maintain a dissolved oxygen level obnless than 5 mg/L.

COMMENTS — Powers Lake is listed as impaired for sedimemésitiation in addition to nutrients and
dissolved oxygen. However, the TMDL does not condgatarget for sediment, nor a justification ttieg
lake is not impaired by sediment nor a statemeattttie sediment impairment will be addressed in a
separate, future document. The TMDL needs to dehn explanation of how the sedimentation/siltatio
impairment will be addressed.

The TMDL shows that pH data was collected in Poviaise, but it does not summarize or mention the
pH results or whether its meeting the applicable/ggdS. A few sentences need to be added to the
TMDL to summarize the pH readings in the lake amhgare them with the pH WQS.

4. Significant Sources

Criterion Description — Significant Sources

TMDLs must consider all significant sources of stressor of concern. All sources or causes of the
stressor must be identified or accounted for inesonanner. The detail provided in the source agsess
step drives the rigor of the allocation step. they words, it is only possible to specificallycalate
guantifiable loads or load reductions to each siigaint source when the relative load contributioonf
each source has been estimated. Ideally, therefioeepollutant load from each significant sourbesld
be quantified. This can be accomplished usingsgegific monitoring data, modeling, or applicatioh
other assessment techniques. If insufficient intesources are available to accomplish this step,
phased/adaptive management approach can be empsayiedig as the approach is clearly defined in tihe
document.

Satisfies Criterion

Satisfies Criterion. Questions or comments pravicelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or commentwiged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

I

The TMDL identifies the major sources of phosplusras coming from nonpoint source agricultural
landuses within the watershed. In particular,aaiog analysis was done for nutrients and sedim@mgidering
various agricultural land use and land managenaatois. Cropland and pastureland are the prin@gces
identified. Approximately 66% of the landuse isgland and 23% is pastureland and hayland in theralzed.



5. Technical Analysis

Criterion Description — Technical Analysis

TMDLs must be supported by an appropriate levéedfinical analysis It applies taall of the
components of a TMDL document. It is vitally impot that the technical basis fatl conclusions be
articulated in a manner that is easily understandamnd readily apparent to the reader. Of partanul
importance, the cause and effect relationship betwhe pollutant and impairment and between the
selected targets, sources, TMDLs, and allocati@esis to be supported by an appropriate level of
technical analysis.

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or comment¥iged below need to be addressed.

Not a required element in this case. Commentaiestipns provided for informational purposes.

LOIXO0

The The technical analysis addresses linkage bettheewater quality target and the identified searof
nutrients, and describes the models or methodstos#etive the TMDL loads that will ensure that thater
guality standards are met. To determine the candeffect relationship between the water quaditget and the
identified sources various models and loading asilere utilized.

The FLUX model was used to facilitate the analgsid reduction of tributary inflow and outflow nent and
sediment loadings for Powers Lake. Output fromRbhE&X program is then provided as an input filectdibrate
the BATHTUB eutrophication response model. The BATUB model was used to evaluate and predict thecesff
of various nutrient reduction scenarios on thewasp in Powers Lake.

The Agricultural Non-Point Source Model (AGNPS) resbwas used to simulate alterations in land usetioes
and the resulting nutrient reduction response. rittigent loading source analysis, that was usedeatify
necessary controls in the watershed, was basduedddntification of critical cells (i.e., thosettvisediment
phosphorous loading rates above 2.5 Ibs/acre - THiQure 19 ). A portion of the initial load redioms under
this TMDL will be achieved through controls on #ritical cells within the watershed to improve past
conditions or improve tillage practices.

Improvements in the dissolved oxygen concentratidie lake can be achieved through reduction géiic
loading to the lake as a result of proposed BMHémpgntation. The TMDL contains a linkage analymsveen
phosphorous loading and low dissolved oxygen iedadnd reservoirs. It is anticipated that medtieg
phosphorous load reduction target in Powers Laleadidress the dissolved oxygen impairment.

Similar to the comment above in the Water Qudldygets section, the TMDL fails include a
discussion of the sedimentation/siltation impairtrarthe Technical Analysis section. The Technisahlysis
section should include a sub-section addressingdtiement impairment. This may include, as appatgra
justification that the lake is not impaired by sednt, or a statement that the sediment impairméhbev
addressed in a separate, future document.

The modeled Secchi disk depth in Table 23 seerhs o error (70.32 meters), please correct. Howlccthe
predicted Secchi depth be nearly nineteen timesehithan the maximum depth of the lake?



6. Margin of Safety and Seasonality

Criterion Description — Margin of Safety and Seasoality

A margin of safety (MOS) is a required componerthefTMDL that accounts for the uncertainty about
the relationship between the pollutant loads areldhality of the receiving water body (303(d)(2)(c)

The MOS can be implicitly expressed by incorporptirmargin of safety into conservative assumption
used to develop the TMDL. In other cases, the M&Soe built in as a separate component of the TMDL

UJ

(in this case, quantitatively, a TMDL = WLA + LAMOS). In all cases, specific documentation
describing the rational for the MOS is required.

Seasonal considerations, such as critical flow @dsi(high flow, low flow), also need to be conseder
when establishing TMDLSs , targets, and allocations.

L0000

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or comtsegprovided below need to be addressed.
Criterion not satisfied. Questions or comment¥iged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

A 5% explicit margin (95.19 kg/yr) of safety ixlnded in the phosphorus TMDL. An implicit

margin of safety is also included through conséveassumptions in the derivation of the target iarttie
modeling. Additionally, some load reduction is gibe from controls on areas not included in thalelimg (e.g.,
runoff from the town of Powers Lake), and ongoingnitoring has been proposed to assure water qug#is are
achieved. Seasonality was adequately consideregidyating the cumulative impacts of the varicess®ns on
water quality and by proposing BMPs that can Hertad to seasonal needs.

7.

TMDL

TMDLs include a quantified pollutant reduction tatg According to EPA regulations (see 40 CFR
130.2(i)). TMDLs can be expressed as mass pewfifiine, toxicity, % load reduction, or other mesges
TMDLs must address, either singly or in combinatieech listed pollutant/water body combination.

Criterion Description — Total Maximum Daily Load

LD

Satisfies Criterion

Satisfies Criterion. Questions or comments pravioelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or commentwiged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

The TMDL established for Powers Lake is a 190&@Yyr (5.22 kg/day) total phosphorus load to

the lake (50% reduction in internal and 75% redurcin external annual total phosphorus load). Thike
“measured load” which derived from the BATHTUB mbdsing the flow and concentration data collectedrd)
the period of the assessment. The annual loadihgasy from year-to-year; therefore, this TMDL ¢g®nsidered a
long term average percent reduction in phosphdaading.

The NDDoH believes that describing the phospharad s an annual load is more realistic and pigéeof the
waterbody. Most phosphorus based eutrophicatiamhetsaise annual phosphorus loads, and seasorality a
unpredictable precipitation patterns make a daidlunrealistic. EPA recognizes that, under tieeifp
circumstances, the state may deem the annualheatidst appropriate timeframe (i.e., the TSI watelity target
is based on an interpretation of narrative watedityustandards which naturally does not includexaeraging



period). EPA notes that the Powers Lake TMDL daltbons for phosphorus include an approximatedydadd
derived through simple division of the annual |bgdhe number of days in a yeaFhis should be considered an
“average” daily load that typically will not matthe actual phosphorus load reaching the lake avem glay.

8. Allocation

Criterion Description — Allocation

TMDLs apportion responsibility for taking actionsailocate the available assimilative capacity argon
the various point, nonpoint, and natural pollutasiurces. Allocations may be expressed in a vaoikety
ways such as by individual discharger, by tributesgtershed, by source or land use category, by land
parcel, or other appropriate scale or dividing @sponsibility. A performance based allocation
approach, where a detailed strategy is articulatedthe application of BMPs, may also be appropiat
for nonpoint sources. Every effort should be madee as detailed as possible and also, to base all
conclusions on the best available scientific phites.

In cases where there is substantial uncertaintyardipg the linkage between the proposed allocations
and achievement of water quality standards, it lmayecessary to employ a phased or adaptive
management approach (e.g., establish a monitoriag  determine if the proposed allocations are, i
fact, leading to the desired water quality improeens).

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or commentwiged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

Q000X

This TMDL addresses the need to achieve furthdwatons in nutrients to attain water quality goals
in Powers Lake. The allocations in the TMDL inctual “load allocation” attributed agricultural tonmpmint
sources, and an explicit margin of safety. Theeen® point source discharges of phosphorus intatershed.
The source allocations for phosphorous are assign critical loading cells that contribute gergthan 2.5
tons/acre of sediment phosphorous as shown byhtaed areas in Figure 19 of the TMDL. Theredgsire to
move forward with controls in the areas of the haghere there is confidence that phosphorous rexhgctan be
achieved through modifications to critical cellghim the watershed.



9. Public Participation

Criterion Description — Public Participation

The fundamental requirement for public participatis that all stakeholders have an opportunity ¢o b
part of the process. Notifications or solicitat®for comments regarding the TMDL should clearly
identify the product as a TMDL and the fact thawilt be submitted to EPA for review. When thalfin
TMDL is submitted to EPA for review, a copy of tbenments received by the state should be also
submitted to EPA..

Satisfies Criterion

Satisfies Criterion. Questions or comments pravioelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or commentwiged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

Q000X

The TMDL includes a summary of the public partédipn process that has occurred. It describes
the opportunities the public had to be involvedhi@ TMDL development process. Copies of the drtfDL were
mailed to stakeholders in the watershed duringptlidic comment period. Also, the draft TMDL wassfed on
NDoDH'’s Water Quality Division website, and a pehtiotice for comment was published in the newspaper

10. Monitoring Strategy

Criterion Description — Monitoring Strategy

TMDLs may have significant uncertainty associatétl selection of appropriate numeric targets and
estimates of source loadings and assimilative ciéypatn these cases, a phased TMDL approach may|be
necessary. For Phased TMDLs, it is EPA’s expamtdiiat a monitoring plan will be included as a
component of the TMDL documents to articulate teama by which the TMDL will be evaluated in the
field, and to provide supplemental data in the feitio address any uncertainties that may exist when
document is prepared.

[] Satisfies Criterion

[] Satisfies Criterion. Questions or comments pravidelow should be considered.
] Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
[] Criterion not satisfied. Questions or commentwiged below need to be addressed.

DX Not a required element in this case. Commentgiestions provided for informational purposes.

Future monitoring is recommended in Section 19 e TMDL to address margin of safety and
seasonality needs, as well as provide additional teensure that the goals of the TMDL are met.



11. Restoration Strategy

Criterion Description — Restoration Strategy

At a minimum, sufficient information should be pded in the TMDL document to demonstrate thataf th
TMDL were implemented, water quality standards wdé attained or maintained. Adding additional
detail regarding the proposed approach for the oestion of water quality is naturrently a regulatory
requirement, but is considered a value added compoof a TMDL document.

Satisfies Criterion

Satisfies Criterion. Questions or comments pravidelow should be considered.

Partially satisfies criterion. Questions or comtsegorovided below need to be addressed.
Criterion not satisfied. Questions or comment¥iged below need to be addressed.

Not a required element in this case. Commentgiestions provided for informational purposes.

XOO00

The North Dakota Department of Health has alreasigrded a Section 319 Nonpoint Source
Management grant for implementation of BMPs inwlaershed. The Section 319 Project Implementalan is
included in Appendix C of the TMDL document.



Appendix F
Review Comments Provided by the US Fish and Wildi Service









Appendix G
Department Response to Comments



Department Response to Comments

During the 30 day public notice soliciting commantl participation for the Powers Lake Nutrient and
Dissolved Oxygen TMDL, the North Dakota Departmehitealth received comments from the US EPA
(see Appendix E) and from Scott Elstad with thetN@akota Game and Fish Department in the form of
hand written comments in the margins of the digiort. Below are the comments provided and the
departments’ response.

Comment from US EPA: “Powers Lake is listed as impaired for sedimeaidsiltation in addition to
nutrients and dissolved oxygen. However, the TMIdkEs not contain a target for sediment, nor a
justification that the lake is not impaired by sednt nor a statement that the sediment impairméhbev
addressed in a separate, future document. The ThWE2ds to include an explanation of how the
sedimentation/siltation impairment will be addrekse

NDDoH Response Additional language has been added to SectibnClean Water Act Section 303(d)
Listing Information, stating that the purpose aétiMDL report is for the pollutants, nutrients doav
dissolved oxygen and that the sediment listing belladdressed as additional data become available.

Comment from US EPA: “The TMDL shows that pH data was collected in Bms\_ake, but it does not
summarize or mention the pH results or whethemiggting the applicable pH WQS. A few sentences
need to be added to the TMDL to summarize the @dings in the lake and compare them with the pH
WQs.”

NDDoH Response: The reference to pH and conductivity data hategn collected as well as general
cations and anions was incorrect. Upon furtheestigation into the data collected in 2000 and 2001
was determined that only chlorophyll-a and theieatrspecies were collected and analyzed. Language
in Section 1.5.2, Lake Data, has been clarifyingdigoving this reference.

Comment from US EPA: “The modeled Secchi disk depth in Table 23 setenhe in error (70.32
meters), please correct. How could the predicexts depth be nearly nineteen times higher than th
maximum depth of the lake?”

NDDoH Response: The correct value should be 0.32 meters not 7&82rs, the table has been
corrected.

Comment from NDGF: “Powers Lake Watershed Committee has commissianddeceived a report
from Houston Engineering (July 18, 2008) on nutrimanagement alternatives — should that be
referenced/addressed?”

NDDoH Response:The conclusions presented in this report are beyloedcope of the TMDL. The
nutrient reductions that formed the basis for DL are based on a 50 percent reduction in inferna
phosphorus loading and a 75 percent reductiontereal loading. The purpose of the Houston
Engineering report is to determine cost effectikeraatives to achieve the internal nutrient repturct
goal of this TMDL.

Comment from NDGF: Lake statistics cited in Section 1.0, Introductsord Description of Watershed,
do not match statistics provided in Figure 3 orl&db



NDDoH Response: Statistic cited in text in Section 1.0 were aljaeh to reflect correct information
provided in Figure 3 and Table 1.

Comment from NDGF: In Section 4.1, Point Sources, of the TMDL repbstates that “No permitted
livestock feeding areas are located in the Powak® lwatershed.” The commenter asks how many non-
permitted CAFO’s/AFQO’s?

NDDoH Response: By definition, CAFQO'’s are livestock feeding faies that contain an equivalent of
1000 beef cattle for at least 45 day per year.rdhee no permitted facilities in the Powers Lake
watershed that meet this criteria. There is ommjieed AFO in the watershed. Other non-permitted
AFOs in the watershed were inventoried and accaluiotein the AGNPS watershed model. Language in
Section 4.1 has been changed to reflect this iovent

Comment from NDGF: In reference to Section 4.2.1, Stormwater Runoffthe TMDL report, the
commenter asks if the city of Powers Lake still ghgrtheir snow on the lake or where runoff/sediment
from snowmelt can flow into the lake. The commeulso provided a copy of a hand out obtained the
city of Pwers Lake that suggests the lake as aropppte place to dump snow.

NDDoH Response: The department has received assurances froroféitials that the no longer dump
there snow where it can negatively impact the lake.

Comment from NDGF: In the last paragraph of Section 5.2, BATHTUB TrigpgResponse Model, on
page 30 of the draft report it is stated that “iggime AGNPS model, it was determined that if 8pet
of the moderate to high sediment and nutrient logudells were addressed through BMPs, then the
sediment load would decrease by 57 percent, ansiploous load would decrease by 76 percent. This
exceeds the reduction determined necessary to teadesired trophic state and will allow the lake
reach the chlorophyll-a TSI target value of 55.@Bedmined in Section 3.1.” The commenter askisisf t
is a “reachable/reasonable goal?..by landowneitseimrea?”, especially with commodity prices on the
rise.

NDDoH Response: By definition and rule, the pollutant reductionad of the TMDL is set so the
waterbody will meet water quality standards. TIDIL goal and accompanying pollutant reduction
targets do not have to be achievable. If it iedeined that the current water quality standardak an
beneficial use designations can not be met basedurvable pollutant load reductions, then the
department must do a use attainability determinadiod change the standard(s) for the waterbody.



